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ABSTRACT 

This study attempts to reveal and describe teachers' and 
students’ understandings of biology. The attempt to reveal the 
participants' understandings was accomplished by examining their 
conceptions of biology. Their conceptions were revealed through 
observations of classroom events, individual discussions the 
researcher held with the participants and interpretations of verbal 
communications recorded during classroom presentations. The 
participants’ conceptions were described in terms of significant 


positions in a philosophy of biology. 


The conceptual framework of the study was seen as a series of 
principles that have a reciprocal arrangement with the study. The 
principles directed the research just as the research influenced the 
framework. The principles included premises from the sociology of 


knowledge, hermeneutics and the philosophy of biology. 


A review of science education research indicated that 
methodologies employed in quantitative studies did not allow questions 
to be examined from various philosophical positions. Recently the 
development of qualitative techniques has created a form of research 
that permits questions to be examined from a variety of philosophical 


positions. 
A qualitative approach was used in the study. Three biology 
teachers and eighteen students participated in the study. The 


research methodology consisted of observing and recording on audio 
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cassettes the three teachers' lessons on nutrition. Individual, 
informal discussions were held with each of the three teachers and 
eighteen students. The informal discussions were also recorded. 
Complete transcriptions were made of each informal discussion and the 
lessons of one teacher. Partial transcriptions were made of the 
lessons of the other two teachers. Written interpretations of the 
participants' conceptions were made and returned to the individuals 


for validation. 


An analysis scheme based on Esland (1971) and Werner (1978) was 
developed. The participants’ conceptions of biology were analyzed 
according to the framework and the individuals were grouped according 
to the philosophy of biology they most frequently exhibited. The 
three teachers were perceived as exhibiting a modified positivistic 
position. The eighteen students were divided into three groups. 
Seven students exhibited a modified Baconian image of biology, three 
students exhibited a modified positivistic image and three students 
exhibited a conceptual change view. Five students chose not to 


provide a second validation and their conceptions were not analyzed. 


Conclusions reached in the study indicate biology is conceived 
by the majority of the participants in a positivistic manner. The 
teachers conceive of it in this way and their lesson presentations 
reinforce their conceptions. Students generally adopt a conception of 
biology that agrees with the teachers’ views. In three cases, 
students exhibited views that suggest contemporary philosophical 


thought. 
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CHAPTER I 


INTRODUCTION TO THE STUDY 


Introduction 


Traditionally biology is viewed as a science that is rational, 
objective and concerned with explanation of natural phenomena. In 
conjunction with this view there is an understanding that biological 
knowledge consists of observable information derived from controlled 
experiments. The purpose of establishing such information is to 
provide explanations so that accurate predictions can be made and 
nature can be controlled. This view of biology is largely based on 
Francis Bacon's view of the scientific method. Although Bacon had 
little influence over his contemporaries (Dampier, 1971, p. 126), the 
“Baconian method" has directly influenced science education. A 
variety of textbooks, including Modern Biology (Otto and Towle, 1977, 
p. 5-6) outline a slightly modified Baconian method and state, "The 
steps in this research method are logical and orderly. In fact they 


are simply a system of common sense." 


A Baconian view of science education is commonly presented to 
students but it is only one way of viewing biology and it is suggested 
that such a view excludes many attributes of science. For example, 


intuitive elements of artisanship are excluded from the discipline. 
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This study is an attempt to examine biology teachers' and 
students' conceptions of biological knowledge and biology and as a 


result disclose their notion of high school biology. 


Purpose of the study 


Frequently, biology textbooks include a section that deals 
directly with the author's conception of biology or his conception is 
blended into material included in the preface, introduction or 
beginning chapters. The textbooks that are authorized by Alberta 
Education aS primary resources for Biology 30 offer particular 
interpretations of biology (Kimball, 1974; McElroy and Swanson, 1968). 
For example, McElroy and Swanson portray biology as a method of 
understanding the natural world so that predictions can be made. 
Implicit in their meaning of the word "understand" is an element of 
control where man has power over nature. This point is clearly stated 
when they say, "Understanding is also a means to power. That is, 
power to control and use our environment to our advantage." (1968, p. 
122. In contrast, Kimball presents biology as being complex and 
difficult to understand but possessing a beauty beyond description. 
Although Kimball has introduced an aesthetic element, he is consistent 
with McElroy and Swanson's view of science as a way of controlling 
nature because he states "with new knowledge comes new power" (1974, 


De XVil). 


In addition to curriculum materials presenting a particular view 


of biology, teachers of the discipline also project a view of the 
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subject when they present subject matter to students. While 
considerable research has been done on the development of a wide range 
of science curricula, little attention has been paid to the underlying 
views of science projected by those curricula. Besides a lack of 
research on the underlying views of disciplines associated with the 
curricular projects, little work has been done on teachers' 
conceptions of science or how their conceptions colour the 


presentation of material to students. 


This study attempts to reveal and describe conceptions of biology 
and biological knowledge that teachers and students of biology hold. 
Their conceptions are revealed through observations of classroom 
events, individual discussions the researcher held with the 
participants and interpretations of verbal communications recorded 
during classroom presentations. The participants' conceptions of 
biology are then described in terms of significant positions in a 
philosophy of biology. An element of the study is to relate the 
participants’ conceptions of biology with their view of knowledge and 
with that as a grounding attempt to describe their conceptions of 


biological knowledge. 


The study should provide the participants an opportunity to 
reflect on their view of biology and biological knowledge because of 
their involvement in the research process. Hopefully, the study will 
also reveal a variety of conceptions of biology and provide educators 
with a clarification of an existing situation which may act as a basis 


for subsequent research questions. 
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Focus of the study 


The focus of the study is an exploration of the conceptions of 
biological knowledge that are held by teachers and students of biology 
as well as their conceptions of biology as a discipline. A particular 
effort is made to examine the teachers' conceptions and how they are 
reflected in classroom presentations. Once the participants' 
conceptions are examined a synthesis of the observations, analyses and 
interpretations is made. The synthesis of this material brings out 
the major points of the teachers' and students’ conceptions. The 
meaning that is obtained from the synthesis is examined in terms of 
positioning the participants’ conceptions within a philosophy of 


biology. 


Methodological approach to the study 


The situational study 


One assumption of the present study is that individuals interpret 
biology from their own personal orientations. This point is discussed 
in detail in Chapter II when the theoretical framework of the 


dissertation is considered. 


Given that participants react to the study from various 
perspectives it is necessary to position the study within an 
appropriate methodology. In Knowledge and Human Interests, Habermas 


(1971) conducts a critique of the conceptions of science which may be 


found in the writings of philosophers and practitioners of science up 
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to that time. He attempts to show that there is no single model of 
science but rather several forms of scientific inquiry. Each form of 
science is governed by man's particular interests. These interests 
are basic to man and characteristics associated with such interests 
are connected to specific dimensions of the social world. On this 
basis Habermas concludes that scientific knowledge is not a pure and 
value-free product of an objective methodology, but it is linked by 
man's interests to the reproductive processes of social life. The 
three forms of scientific activity are termed "empirical-analytic 
science", "historical-hermeneutic science", and the "critical social 
sciences" (1971, pp. 308-315). Associated with these Habermasian 
forms of science are three basic orientations of man's interests. 
Fach orientation determines the type of activities to be pursued as 
well as the form of knowledge that is warranted. The structure 
Habermas developed allows us to question knowledge that individuals 


hold and the assumptions on which such knowledge is based. 


Aoki (1978) expanded the Habermasian framework so that it is 
applicable to curriculum research. He adapted Habermas's forms and 
expanded them into three orientations which act as metaphors that 
"help us to disclose approaches to curriculum development, 


curriculum evaluation and curriculum research (p 2." 


The dominant orientation within our society is termed empirical- 
analytic where the primary interest lies in establishing predictive 
control in technical situations. The second orientation is termed 
historical-hermeneutic where the primary interest is associated with 


the understanding of meaning attributed to situations by individuals 
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The third orientation is termed critical-theoretic in which 
emancipation and concern for the human condition is most important. 
Implicit with the third orientation is a demand for action which 


improves the human condition. 


Empirical-analytic orientation 


The empirical-analytic orientation is one in which man views the 
world in a technological way. Major values of this perspective are 
control, certainty, predictability and efficiency (Werner, 1978, p. 
7). Individuals who adopt this orientation view themselves as 
applying a method through which they control events. In effect, they 
are separating man from the world and viewing the world as an object. 
A key factor in their world perspective is the existence of immutable 
laws which allows man to identify cause and effect relationships. It 
is through such relationships that their conception of control becomes 


possible (Thompson and Held, 1982, p. 7). 


Objectivity plays a major role in this orientation because 
knowledge that is considered neutral is seen as certain. Knowledge 
which is based on controlled experiment is viewed as being objective 
because an individual has isolated variables and tested the apparent 
effect of each factor. Because individuals have confidence in the 
method, they attribute the characteristic of certainty to value-free 


knowledge and they accept such knowledge as true. 
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man and the world. By viewing himself as separate from the world it 
is possible to conceive of an independent natural world. When man 
investigates natural phenomena his conception of objectivity excludes 


his social interests and knowledge produced by those social interests. 


Situational orientation 


A fundamental assumption of the situational orientation is that 
man gives meaning to situations in which he finds himself. Associated 
with the concept of assigning meaning is the idea that individuals act 
with intentionality (Wagner, 1970, p. 318). An intentional act is any 
act through which a person experiences an object. It is through such 
intentional acts that individuals establish meanings because once an 
object is experienced the object itself is cognitively constituted. 
Man is seen as being part of the world instead of being separate from 
it because he gives meaning to his situation. With man and his world 


being one, there is a reciprocal influence in any action. 


The values of this orientation are the relevance and meaning 
associated with particular situations. Since the practical interest 
of interpretation is intersubjective understanding, man's efforts are 
directed to determining and clarifying the meanings of situations. 
With reality being considered as socially constructed, knowledge is 
not viewed as an object; instead it is viewed as part of an individual 
because it is dependent on the history of the world as well as the 
individual's personal experiences. Knowledge is not a reality; it 


varies from person to person. 
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Critical-theoretic orientation 


A basic assumption of the critical-theoretic orientation is that 
man's perspective of the world is shaped by personal experiences and 
the world's history. Any personal action is inevitably biased because 
everyone brings a viewpoint to a situation. A critical orientation is 
concerned with examining the underlying values and assumptions 
associated with perspectives in order to reveal and clarify the basis 
of action. The questioning of underlying values and assumptions is 
referred to as critical reflection and its purpose is to disclose and 


make explicit the framework and foundation of actions. 


Implicit within this orientation is the idea that critical theory 
leads to change. Critical theory provides a basis for change because 
alternatives are suggested when a foundation is questioned at the 
level of values and assumptions. To assist in the generation of 
alternatives Werner (1978, p. 19) identifies a series of questions 
that may be considered when a critical approach is adopted. For 
example, when a perspective is being disclosed questions concerning 
the underlying interests, assumptions and approaches of that 


perspective should be raised. 


Context of the study 


The present study is seen as partially belonging to both the 
situational and critical orientations. The situational orientation is 
adopted because a segment of the study involves an investigation of 


meanings of teachers' and students’ conceptions of biology and 
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biological knowledge. As such the study attempts to disclose meanings 
associated with various conceptions. Part of making the 
interpretations of the teachers' and students’ conceptions is an 
analysis which raises questions of the perspectives of man and 
knowledge, social relations between teachers and students, as well as 
the control of communication. By raising such questions the study is 
adopting a reflective stance which reveals the framework and 
foundation of a particular situation. Consequently, the study is not 


purely situational nor critical-reflective. 


A review of science education literature indicates empirical- 
analytical interpretations of science have been a concern for a long 
time (Hurd, 1970, 1975; Kessen, 1964; Kimball, 1968; Mackay, 1971; 
Mead and Metraux, 1957). These studies are in the empirical-analytic 
mode of educational research where control, certainty, efficiency, 
precision, predictablility and standardization are predominate values. 
The studies were aimed at identifying and overcoming deficiencies of 
students and teachers. An implicit assumption of these studies is 
that researchers' perceptions of deficiencies are accurate and by 
explaining the causes of such deficiencies appropriate techniques will 
be developed to overcome them. This dissertation is dissimilar to the 
analytical studies in that it attempts to understand participants’ 
conceptions of biology and the significance such conceptions have for 
the study of biology. Because the intents and the mode of research 
chosen for the study are different than those of the studies cited, 
the criteria on which knowledge claims are to be judged are also 


different. Criteria concerning validity, reliability and 


generalizability are interpreted in the rollowing way. 
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Validity 


Validity in qualitative studies is interpreted to be "the 
adequacy of a description as a representation of a social situation" 
(Dawson, 1979, p. 1). Since the adequacy of a description involves 
various purposes, the validity of knowledge claims must be viewed from 
a framework that recognizes the relationships among these factors. 
Statements concerning validity must be viewed as whether or not the 
descriptions provided accurately reflect and interpret the 
participants' meanings. Dawson indicates several ways to establish 
validity, but the major method is to ensure that participants confirm 
or disconfirm the researcher's descriptions and interpretations of the 
situations. Psathas (1973) also offers tests of validity for 
qualitative studies. The first test is similar to Dawson's in that it 
asks whether descriptions and interpretations accurately reflect the 
participants' meanings. The other tests are more applicable to 
ethnographic studies where a culture is being investigated, and they 


are not considered here. 


Reliability 


Reliability, as it is used in empirical studies, involves the 
concept of measuring accurately and consistently from one situation to 
another (Best, 1977; Travers, 1969). The present study uses the 
concept of reliability in a different sense compared to Best and 
Travers, yet there is a common feature to both interpretations. Since 


this study is based in a situational mode, empirical reliability is 
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inappropriate because quantitative measurements are not being taken. 
Reliability in terms of this study is understood to mean that 
descriptions and interpretations accurately and consistently reflect 
the situations as the participants experience them. It is in this way 
that reliability is closely connected to validity. In other words, if 
the data, descriptions or interpretations are valid they must be 


reliable. 


Generalizability 


Generalizability as used in this study is interpreted in Denton 
(1974, p. 112) and Stephens's (1982, p. 78) manner in which features 
of a specific situation are abstracted and then linked to general 
considerations. The study does not attempt to use generalizability as 
it is interpreted in terms of sampling theory. The concept of 
generalizability is to be understood as whether the reader can extract 
themes from participants' interpretations of biology so that the 
reader makes sense of his particular situation. In Denton's words, if 
there is movement from general to particular and back again 


generalization has taken place. 


Research methodology 


The study began with the identification of a research question 
which arose from examining the thesis put forward by T. Kuhn (1962) in 
The Structure of Scientific Revolutions, His argument suggests that 


biology as it is presented to students is a misinterpretation of what 


the discipline has been, what it is and what it is capable of doing. 
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The research question took the form of, What are the conceptions of 
biology and biological knowledge that are held by teachers and 
students of biology? Once a research question was formulated planning 
was undertaken to allow the researcher entry into a research 


situation. 


As a situational study depends upon the cooperation of the 
participants, preparation for entry into a situation must be carefully 
planned. The following discussion will focus on the pre-entry, entry, 


and follow-up procedures employed in the research. 


Pilot study pre-entry 


A literature search revealed that previous studies related to 
individuals' conceptions of science employed a technical orientation. 
Such an orientation was perceived by the researcher as a limitation. 
The studies are discussed in Chapter III. To avoid having students 
and teachers react to the researcher's conception of biology it was 
decided to adopt a situational research framework. Once a situational 
framework was adopted it became necessary to determine the feasibility 


of such an approach in terms of the research question. 


The researcher approached a university faculty member and briefly 
explained the proposed research to determine if the faculty member was 
aware of biology teachers who might consider being involved in a 
research project. Four individuals were suggested. The first teacher 
contacted expressed interest in the study and agreed to participate if 


the study was acceptable to the administrators of the school. 
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Planning for the pilot study began and it was decided the purpose 
was to determine: 
(1) what are appropriate questions that reveal teacher and 
students' conceptions of biology; 
(2 if classroom events influence students' conceptions of 
biology; 
(3) what views of biology are currently held by the participants 
of the study; 
(4) if the participants are able to identify factors that 


influence their conceptions of biology. 


It was planned that the researcher would observe classroom 
lessons during the time subsection 2 (Nutrition) of the Biology 30 
curriculum was taught. This section was purposely chosen as some 
information dealing with autotrophic and heterotrophic nutrition is 
not clearly understood by biologists. The authorized textbooks 
indicate some information concerning nutrition is either presently 
unexplainable or explained by conflicting theories (Kimball, 1974, pp. 
289-292; McElroy and Swanson, 1968, pp. 498-500). It was anticipated 
this section of the curriculum would provide the teacher an 
opportunity to present biology as a discipline which deals with 
tentative knowledge. An opportunity would also exist for the teacher 
to present a number of conflicting theories and thereby illustrate 
creative aspects of biology. For example, elements of personal 
commitment, nonrationality, intuition or imagination could be 
demonstrated through the presentation of conflicting theories. The 


reason the study was done with Biology 30 students is that the 
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researcher assumed older students would be more aware of their 
conceptions of biology and biological knowledge and they also would be 
more readily aware of factors that influenced the development of their 


conceptions. 


The teacher who agreed to cooperate, spoke to the principal of 
the school to determine if a research project would interfere with the 
school's operation during a two-week period in late October or early 
November. The principal of the school indicated a research project 
would be acceptable if conducted at that time. The researcher 
submitted an official application to the Edmonton Public School System 
on September 29, 1982, to perform a pilot study. Official approval 
for the pilot study was received October 6, 1982 and the researcher 
contacted both the teacher and principal to arrange a time to discuss 
the rationale and the techniques of the proposed research. Because 
the research focused on a specific portion of the Biology 30 
curriculum, an agreement was made between the researcher and teacher 


to begin the project November 8, 1982. 


The pilot research was to take place in two phases. First, the 
procedure was to record the teacher's classroom presentations 
concerning nutrition on audio cassettes and, at the completion of the 
lessons, record a discussion dealing with the teacher's conception of 
biology. It was planned that an interpretation of this material would 
be made and returned to the teacher for validation. The validation 
procedure was to discuss the interpretation with the teacher to 
determine if it accurately reflects the situation as well as his 


conception. Once the teacher had commented on the interpretation 1t 
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was to be re-written and submitted for a second validation. 


The second phase consisted of attempting to establish students' 
conceptions of biology. It was planned that the members of the class 
would be approached by the researcher at the end of the first week's 
observations to request six students to volunteer to discuss their 
conceptions of biology with the researcher. The discussions were 
planned to last approximately fifteen minutes, be done on an 
individual basis or in groups of two, and be conducted during the 
students’ spare periods. The discussions were to be open-ended but 
based on a set of questions similar to those included in Appendix A. 
The questions were designed to reflect the content matter of the 
lessons that were presented at the time of the individual discussions. 
The validation procedure for the students was similar to the one 
previously described for the teacher. The only difference was that 


they were to be prepared as soon after the discussion as possible. 
Pilot study entry 


A situational study is dependent upon the researcher being 
accepted and trusted by the participants. If acceptance and trust are 
lacking on the participants' part, it is doubtful a study similar to 
the proposed research would be possible. In an effort to establish a 
feeling of trust it was planned the teacher would discuss with the 
students the researcher's arrival prior to the beginning of the 
observations. It was also planned that at the beginning of the first 


period in which classroom observations were to be made, the researcher 
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would explain the reasons for his presence, the type of research that 
was being conducted and how the students could be involved in the 
study. It was a purposeful decision not to ask for six student 
volunteers at this point but to wait for one week and allow the 


students to become familiar with the researcher's presence. 


Upon arrival for the first classroom period involving 
observations, it was discovered the cooperating teacher was absent and 
a substitute teacher was unaware of the research project. Students 
showed some curiosity as to why the researcher was in the classroom. 
Two students asked the researcher why he was there and after a brief 


explanation one of them said "0.K., I know who you are." 


At the beginning of the second week of observations students were 
asked to volunteer to discuss their conceptions of biology with the 
researcher. Six students agreed to volunteer after hearing a brief 
explanation of the types of questions that would be involved in the 
discussions and the validation procedure. Arrangements for suitable 
times for the discussions were made at the conclusion of the class. 
The informal discussions were recorded and the researcher prepared 
initial interpretations of the students’ conceptions of biology. Of 
the six students who originally volunteered, one chose not to 


participate. 


Pilot study validation 


At the completion of the classroom observations the cooperating 


teacher was hospitalized and the validation of the interpretations of 
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classroom lessons was not carried out. 


Shortly after a student discussion took place the researcher 
listened to the recording, prepared an initial interpretation of the 
student's conception of biology and then gave the interpretation to 
the student for comment. The students were instructed to make 
comments on points they agreed with, disagreed with or did not 
understand. The researcher indicated he would discuss these points 
with the student. The students briefly read the interpretation and 
agreed with the written statement. Based upon the students' comments, 
corrections and alterations were made to the interpretations wherever 


necessary. 


An examination of the pilot study data revealed that an informal 
discussion using open-ended questions disclosed participants' 
conceptions of biology and biological knowledge. It was also 
discovered that students associate their conceptions of biology with 
current classroom events, as well as earlier science courses. It was 
observed that the students read the interpretations quickly and then 
agreed with the comments. Two inferences are contained in this 
observation. One, the interpretations were superficial and they 
repeated the students' comments instead of making an interpretation. 
The second inference is the students were not given adequate 
instructions and they did not understand the purpose of having them 


validate the interpretations. 
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Research pre-entry 


As the research project developed it was decided it should be 
expanded from one teacher and six students to three teachers and 
eighteen students. The reason for expanding the study was to gain a 
broader view of individuals’ conceptions of biology and biological 
knowledge. At this time a question arose as to whether observing the 
lessons of three classrooms plus interpreting eighteen student 
discussions plus three teacher discussions was excessive in terms of a 
time commitment. Despite some misgivings about the amount of time 


involved in the expanded study the researcher decided to proceed. 


As in the pilot study, a university faculty member was approached 
for a list of biology teachers who he thought would be receptive to 
participating in a research study. Early in January 198% thirteen 
teachers were contacted and the nature of the study was explained. A 
Science Department Head of a large composite high school stated he 
would approach staff members to determine if they were interested in 
participating in such a study. Approximately a week later the 
department head provided names of three Biology 30 teachers who 
volunteered. On the basis of information received from the pilot 
study plus the three volunteer teachers, a request was made to the 
Edmonton Public School System on January 19, 1983 for permission to 
conduct an enlarged study. The study was to involve eighteen students 
plus three teachers from three Biology 30 classes. Approval was 


received January 31, 1983 for the study to proceed. 


Once again the department head was contacted and he arranged to 
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introduce the participating teachers to the researcher. During the 
discussions with the three teachers the rationale and the methodology 
of the study was explained. Agreement was reached when the 


observations would begin. 


Overview of the research method 


The dissertation is considered a situational study because it 
examines a group of individuals in a particular situation (Werner and 
Rothe, 1980). The phenomena of revealing meanings associated with 
individuals' conceptions and the implications such meanings have for 
knowledge, are not directly observable, therefore a variety of 
ethnographic techniques are employed. For example, discussions based 
on open-ended questions, observations, participant observations and 
transcripts of lessons are employed in the study. These techniques 
are adopted because they have the potential of uncovering meanings 


associated with individuals' conceptions. 


The planned research method was for the researcher to act as an 
unobtrusive observer for the first week of classes and make 
observations of classroom events as well as record, on audio 
cassettes, lessons presented by the teachers. The intent of this 
position was to minimize interruptions in classroom events. The first 
week was seen as an adjustment period in which a working relationship 
of acceptance and trust was developed. At the beginning of the second 
week the researcher's role was to become one of an observer- 


participant because a request was to be made for six students of each 


class to volunteer to discuss their conceptions ot biology and 
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biological knowledge with the researcher. The observer-participant 


role was to continue until the completion of the study. 


The validation of student discussions was to overlap with data 
gathering. The researcher anticipated a discussion would be held with 
a student and a written interpretation of the discussion would be made 
later in the day. The interpretation would be given to the student at 
the next class and a request would be made of the student to review 
the interpretation critically. The purpose of the critical review was 
to ensure the researcher did not misrepresent the situation nor the 
student's conception of biology or biological knowledge. Once the 
student had reviewed the interpretation it was to be re-written on the 


basis of the student's comments. 


The validation procedure for the three teachers differed because 
a transcription of their lessons was necessary for an interpretation 
to be made. Originally it was planned that a transcription of each 
teacher's lessons and discussion would be prepared. Once the 
transcriptions were prepared an interpretation of each teacher's 
conception of biology and biological knowledge would be made. A copy 
of the interpretation was to be sent to each teacher requesting they 
review it and mark points they agreed with, disagreed with, or did not 
understand, Based on their comments, corrections and alterations 


would be made to the interpretation wherever necessary. 


An analysis scheme was purposely left undecided until after the 


transcriptions were examined for prominent themes. This decision was 
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taken because a preconceived analysis scheme predetermines which data 
are considered important thus providing direction to the 


interpretations. 


Research entry 


At the meetings with the three teachers it was agreed 
observations would begin February 28, 1983 with teacher "C". The 
three teachers are labelled "A", "C", and "D". There is no teacher 
"B" as the researcher used the initial of his surname in the 
transcripts of teachers and students' discussions as well as those of 
classroom lessons. The starting times for making observations were 
staggered because the three teachers were at various points in the 


previous section of the course. 


Teacher "C" began the nutrition section February 28, teacher "A" 
March 3, and teacher "D" March 8& The length of time each teacher 
devoted to the section varied. The number of sixty-four minute 
periods were thirteen, seventeen, and fourteen respectively and the 
researcher spent approximately four weeks, on a full-time basis with 


the three teachers and their students. 


Prior to the start of the observation phase each teacher 
explained to their class a university researcher would be conducting a 
study during the time the nutrition section of the course was 
presented. The teachers also indicated to the students that the 
possibility existed for them to be involved in the study if they 


wished. At the beginning of the first class each teacher introduced 
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the researcher and allowed him to explain the nature of the study. 
The researcher indicated to the students that in approximately a week 
a request would be made for six volunteers. It was explained that the 
six volunteers would discuss their conceptions of biology and 
biological knowledge with the researcher. ‘The students were told each 
discussion would last approximately fifteen minutes and they would be 
done on an individual basis. Examples of the types of discussion 


questions were provided. 


Observations 


The observation phase consisted of two parts. The first part 
consisted of recording, on audio cassettes, the lessons presented by 
each teacher. The second part consisted of making notes about the 
lessons and observations made during the classroom visits. The notes 
consisted of observations concerning teaching styles, points that were 
excluded from the lessons, the manner in which the nature of biology 
was presented and perceived content errors. An observation sheet 
(Appendix B) was used to record the main features of the 
classroom/laboratory plus teaching strategies. General notes were 
made of relevant points observed during informal discussions which 


took place at coffee breaks and lunch hours. 


Discussions with teachers 


It was planned an informal discussion would be held with each 


teacher after each teacher's series of lessons was complete. The 
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reason the discussions were planned after the lessons was that the 
context of many of the questions depended on the lesson material. The 
discussions were of an informal nature and they each lasted 
approximately one hour. The term "informal discussion" is defined in 
a manner similar to Rowell (198, p. 20). She states an informal 
interview is "a conversational exchange between two people who are 
prepared to share the meanings of their experiences. The direction of 
the interview is guided by those experiences which the participants 
recognize as relevant to the inquiry. The interviewer does not select 
questions designed to elicit the specifics of a situation, but rather, 
questions which in revealing his "not-knowing" of the experience, 


invite the participant to disclose his interpretations." 


Questions posed during the informal discussions focused on the 
individual teacher's view of biology as a discipline, their conception 
of biological knowledge, and their philosophy of science as it relates 
to biological knowledge. At the end of each discussion questions were 
raised about points observed during the series of lessons. For 
example, one teacher developed a mechanistic analogy to explain how 
scientific observations are considered proof for a theory or an 
hypothesis and the researcher questioned the teacher as to what 


constitutes scientific proof in terms of his conception of biology. 
Discussions with students 
The discussions with students were also of an informal nature. 


The questions that were used to initiate the discussions are based in 


the philosophy of science and the sociology of science (Appendix C). 
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The questions are based on a variety of works (Fay, 1975; Feyerabend, 
1975, 1980; Harris, 1979; Kimball, 1968; Kuhn, 1962; Mulkay, 1979; 
Popper, 1962) and they were modified to suit particular discussions as 
well as the topic of nutrition. Although a framework existed to | 
initiate discussions many questions arose from classroom events or 
students' comments and questions. In this way the discussions were a 


conversational exchange in which the direction was not predetermined. 


Analysis of data 


Teachers' analyses 

A predetermined analysis scheme dictates the data that are 
examined. To avoid this limitation it was decided to make a 
transcription of each teacher's lessons and informal discussion and 
then examine the transcriptions for prominent themes. In terms of 
this study prominent themes are those that are repeated in the 
transcription or those that the teacher emphasized through 
communicative devices. The framework for establishing themes is 
repetition or emphasis and the researcher assumes those points that 
are repeated or emphasized are considered important by the teachers. 
A framework and an analysis scheme are different in that a framework 
is equivalent to a perspective while an analysis scheme is a method by 


which the prominent themes are examined. 


Once teacher "A"'s themes were established one analysis scheme 
was developed. The analysis scheme consists of a series of guiding 


questions based on studies by Esland (1971) and Werner (1978). The 
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guiding questions provide a focus which permits the researcher to 
examine a teacher's pedagogic and subject perspectives. As a result 
of examining a teacher's perspectives, interpretations are made of his 


conceptions of biology as a discipline and biological knowledge. 


A copy of the interpretation was sent to teacher "A" and he was 
requested to examine it in light of points he agreed with, disagreed 
with, or did not understand. A time was arranged to discuss the 
interpretation with him. The discussion formed the first validation 


of the interpretation. 


Once an interpretational framework was established it became 
possible to listen to the audio tapes and transcribe selected portions 
of lessons for teachers "C" and "D". The reason this was done was to 
reduce the massive number of hours required to obtain literal 
transcriptions in which some of the material is inconsequential. The 
informal discussions for both of these teachers were fully 
transcribed. The interpretation and validation procedure used for 


teacher "A" was followed for teachers "C" and "D". 


Students' analyses 

At the beginning of each discussion with a student the researcher 
explained the discussion would be recorded and reviewed later in the 
day. The researcher listened to each discussion and prepared a 
written interpretation of the major points related to the student's 
conceptions of biology and biological knowledge. The interpretation 


was given to the student the following day with instructions to 
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provide the first validation of it. 


A transcription of each student's discussion was prepared and 
examined in terms of the historical view of the philosophy of science 
as it is discussed in Chapter III. The purpose of examining the 
student's discussions was to describe their conception of biology in 
relation to established positions in the philosophy of science. The 
discussions were also examined for points which describe the student's 
conception of biological knowledge. An interpretation of the 
student's conceptions of biology and biological knowledge was made on 
the basis of the transcription of the discussion, and the validated 
interpretation. The eighteen interpretations were mailed to the 
students and arrangements were made to discuss the interpretations 
with them. Comments received during these discussions served as the 


basis for a second validation. 


Validation procedures 


Teachers' validations 

At the conclusion of each teacher's informal discussion the 
researcher indicated that a transcription of the lessons and 
discussion would be made and they would provide the basis of an 
interpretation of the teacher's conceptions of biology and biological 
knowledge. It was also indicated that the interpretation would be 
mailed and the researcher would arrange a time to discuss the 


teacher's comments. 


The first validation consisted of discussions in which the 
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individual teachers and the researcher went over the interpretations 
point by point. Each discussion was approximately three to three and 
one-half hours in duration. During this time the teachers indicated 
points they agreed with, disagreed with or did not understand. They 
also provided insights into reasons for events included in the 
interpretations. They clarified their conceptions by explaining their 
views in terms of the philosophies of science and education. Based on 
each teacher's comments the interpretations were revised where 


necessary. 


The second validation consisted of discussing the re-written 
interpretation with each teacher and once again re-writing it where 
necessary. The discussions for the second validation were 


approximately fifteen minutes in duration. 


A third validation occurred for two of the teachers. After 
completion of the second validation the researcher again contacted two 
of the teachers to clarify specific issues that had arisen from re- 


examining the interpretations. 


Students' validations 

The student validations took place in two stages. The first 
stage consisted of explaining to each student the importance of 
reading the interpretation critically to see if the researcher 
represented their conceptions of biology and biological knowledge. 
The pilot study revealed students read the interpretations very 
quickly and did not raise many questions. To overcome this difficulty 


in the main study the researcher stressed the importance of providing 
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comments about the interpretation. Also the researcher indicated that 
a statement may be included in the interpretation that the student had 
not said nor intended to say. One such statement was included in one 
student's interpretation and the student immediately identified the 
statement. In each case the student's comments were noted and 


included in the revised interpretations. 


The second stage of the student validation consisted of sending 
the eighteen re-written interpretations to the students and arranging 
a time to discuss points related to the interpretations. Of the 
eighteen students, eight discussed the interpretations of their 
conceptions in person. The discussions typically lasted about forty- 
five minutes. Five students mailed comments and five students chose 
not to respond. On the basis of the comments received the 
interpretations of the conceptions of thirteen students were re- 


written. 


Chapter I discusses the background to the study and identifies a 
methodology which places the dissertation in the situational and 
critical orientations. The discussion of the methodology describes 
the pre-entry, entry and validation procedures for both the pilot and 
main studies. The methodology consists of an observation phase during 
which teacher's lessons were recorded on audio cassettes and a 
discussion phase where individual informal discussions were held with 
three teachers and eighteen students. Transcriptions of the lessons 
and discussions formed the basis of interpretations of the 


participants conceptions of biology and biological knowledge. The 
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interpretations were validated by discussing them with the 


participants and re-writing the interpretations where necessary. 
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CHAPTER II 


CONCEPTUAL FRAMEWORK OF THE STUDY 


Introduction 


This chapter outlines the conceptual framework for the study. 
The framework is not to be considered a rigid structure which moulds 
the research methods or results, but is seen by the researcher as 
having a dialectical relationship between itself and the 
practicalities of the research. By outlining the conceptual framework 
the structure for the study is clarified and particular 


predispositions of the researcher are revealed to the reader. 


Framework of the study 


Alfred Schutz (1962, 1967, 1970) develops the premise that 
meanings that make up the common-sense world are based on experiences 
within that world. To examine the meanings of the common-sense world 
it is necessary to realize that meanings arise from interpreting 
experiences. Britton (1970, p. 12) summarized the essential point of 
Schutz's premise by stating, "we construct a representation of the 
world as we experience it, and from this representation, this 
cumulative record of our own past, we generate expectations concerning 
the future; expectations which, as moment by moment the iuture becomes 
the present, enable us to interpret the present." According to 


Schutz, if we do not realize that meanings arise from interpretations 
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we accept our constructed reality as a given and never question it. 


The theory of knowledge that is being suggested by Schutz is a 
view that knowledge is grounded in social existence. That is, as 
society changes so do our ideas, ideologies and values. Berger and 
Luckmann (1967) advanced a theory of the "social construction of 
reality" in which a basic premise is everything that passes for 
knowledge is socially based. One of the fundamental thoughts of their 
work is that the reality of specific groups is objectified in symbols 
that are communicated, such as art and language. The realities of 
these specific groups are spread throughout society and different 
groups hold to isolated meanings and values thus they interpret, or 
see, aspects of the world in different ways. Their study (1967, p. 3) 
excludes the classical sociology of knowledge, that was advanced by 
individuals such as Karl Mannheim, Max Scheler and Emile Durkheim, 
because classical knowledge was seen as ideas or what were termed the 
higher forms of knowledge. Since cultural knowledge is the basis of 
Berger and Luckmann's work, scientific knowledge is also excluded 
because the classical sociologists of knowledge argued that scientific 
knowledge was of a special form and not influenced by culture. Berger 
and Luckmann exclude scientific knowledge from their conception of the 
sociology of knowledge because they do not see history or present 


social conditions affecting it. 


Recently, researchers in the sociology of knowledge have begun to 
argue for the inclusion of scientific knowledge in their discipline. 


Barnes (1974); Brannigan (1981); and Mulkay (1969, 1979) argue for the 
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inclusion of scientific knowledge in sociology of knowledge because 
scientific knowledge does not possess special status and it is 
influenced by historical and cultural factors. Studies such as those 
done by Mendelsohn (1974, 1977) and Moulines (1981) support the 
contention that cultural factors influence the development of 


biological knowledge. 


An assumption of the dissertation is that individuals 
participating in biology classes do so with intentionality. Meanings 
of situations are constructed through an individual's actions. The 
construction of meaning is part of the assumed, but unquestioned, 
reality that was previously mentioned. An individual's perspectives 
are also part of the taken-for-granted reality. Perspectives are 
developed partially by beliefs, intents and interests (Werner, 1977) 
and it is these frames of reference, or perspectives, that guide 
individuals in ordering their world. Since the construction of 
meaning is highly idiosyncratic an individual's perspective is 
peculiar to that person. It is on this basis that the participants in 
this study are expected to be making sense of biology from their own 
personal orientations. The concept of an individual's perspective 
provides a basis for the examination of meanings of biology and the 
resulting implications such meanings have for students' conceptions of 


biology and biological knowledge. 


The concept of perspective 


Alfred Schutz (1962, 1967, 1970) argues that meanings attributed 


to our common-sense world, or “world of daily lite" are socially 
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constructed. According to his thesis the intersubjective world 
existed prior to our birth and our interpretation of this existential 
world is based on a stock of previous experiences that forms the 
world's history, our personal experiences of that world, and 
interpretations passed to us by other individuals (Schutz and 
Luckmann, 1973, p. 7). The combination of these interpretations and 
experiences form the "knowledge at hand" and it functions as a frame 
of reference from which individuals act. A person's knowledge at hand 
serves aS an organized way of interpreting past, present and future 


experiences. 


A person's stock of knowledge has a structure which is determined 
by practical and theoretic interests and it is established according 
to relevance systems (Cox, 1978, p. 111). As an individual's 
interests determine his relevance system it is imposed by situational 
and social conditions. One of the qualities of a relevance system and 
an individual's stock of knowledge is that they are made of 
typifications. The process of typifying (Cox, 1978, p. 111) is the 


way in which meaning is given to an experience. 


The concepts of types and typification create a reciprocal 
functioning of relevance systems and stocks of knowledge. The 
formation of types takes place within a context of relevance systems 
but the result is itself sedimented, or integrated, into previously 
acquired knowledge. Because a stock of knowledge is influenced by 
acquired knowledge, a relevance system and a stock of knowledge are 


reciprocally related. 
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According to Schutz an individual orients himself in the everyday 
world so that he makes sense of his situation. An individual's 
orientation is determined by elements of his subjective experiences 
which direct his focus and enable him to interpret his world. The 
elements of his subjective experiences that are chosen are guided by 
"in-order-to" and "because-of" motives (Schutz, 1970, p. 126). "In- 
order-to" motives refer to subjective experiences that determine his 
actions so that a goal is reached. "Because-of" motives refer to 
inducements from past experiences as an individual reflects on those 
experiences. The "in-order-to" and "because-of" motives provide a 


connection between systems of relevance and social action. 


Part of the common-sense world consists of social interaction 
with members of various groups. The most concrete form of social 
interaction is that of communication (Cox, 1978, p. 112). Within the 
concept of communication is the idea that individuals' relevance 
systems have a degree of congruence. In group organization the degree 
to which individuals' perspectives and relevance systems overlap 
determine group membership. Individuals who have overlapping 
perspectives are considered members of an in-group (Schutz, 1970, p. 
81) and because their system of knowledge is common, communication is 
readily accomplished. Members of in-groups accept the cultural 
pattern handed down as an unquestioned guide for interpreting the 
world. According to Schutz the function of such a cultural pattern is 
to provide a prefabricated method of establishing meaning. The 
connection between Schutz's argument and the present study is the 


participants are members of an in-group and their perspectives of 


biology become suitable tor investigation. 
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One aspect of Schutz's analysis of the world of daily life is the 
origin of knowledge. As an individual's interpretation of the 
existential world depends on historicity, personal experience, and 
teachings, it is logically consistent that only a small part of an 
individual's knowledge originates in personal experience (Schutz, 
1970, p. 96). The majority of knowledge is socially derived from 
"friends, parents, teachers and teachers of teachers." A fundamental 
point of the origin of knowledge is a person is taught how to define 
the typical features of the world prevailing for his in-group. 
Schutz's position indicates individuals' perspectives partially 
determine what is considered the stock of knowledge and since the 
Majority of knowledge is derived from sources other than personal 
experience a question is posed as to the relationship of teachers' and 


students' conceptions of biology and biological knowledge. 


In summary, the participants in a classroom are members of an in- 
group and common aspects of their cultural pattern are shaped by their 
interests and motives. When perspectives of the in-group's everyday 
world are considered, questions are raised which relate to conceptions 


of biology and biological knowledge. 


The previous sections deal with levels of knowledge in the 
sociology of knowledge. The main ideas contained in those sections 
are: one, biological knowledge is socially constructed as are other 
forms o£ knowledge. This means biology teachers and students 
construct meanings for their common-sense worlds through their social 


actions. Two, teachers' and students' perspectives help order their 


common-sense worlas and part o£ their perspectives are a variety OL 
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conceptions of biology and biological knowledge. Three, the concept 
of perspective is addressed in Schutz's theory of knowledge in that 
individuals' stocks of knowledge contribute to their perspectives. 
Such stocks of knowledge are determined by individuals' relevance 
systems which are in turn determined by their motives. The "in-order- 
to" and "because-of" motives connect individuals' relevance systems to 
their social actions. Four, biology teachers and students are members 
of an in-group and part of social action is the act of communication. 
Therefore, by examining their conceptions of biology and biological 
knowledge that are communicated in classrooms, relationships among the 
conceptions should be seen. Because there is a connection between 
social action and perspective the act of examining individuals' 
conceptions clarifies the image of biology and biological knowledge in 


relation to the participants' common-sense worlds. 


The concept of hermeneutics 


Hermeneutics is the study of interpretation and understanding, 
especially the task of understanding texts (Palmer, 1969, p. 8). 
Palmer identifies six definitions of hermeneutics that range from 
biblical exegesis to the study of phenomenological existence with its 
associated meaning of existential understanding. The earlier forms of 
hermeneutics generally focused on methods and validity while more 
recent forms focus on meanings associated with understanding. Recent 
hermeneutical theory concerns itself with a principle that maintains 
interpretation is shaped by the question with which the interpreter 


approaches tne text as well as the inherent meaning ot the text 


itself. Within this principle are the two foci of hermeneutics: one, 
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the interpretation of texts, and two a theory of understanding in a 


general sense. 


Until recently hermeneutic theory was concerned with establishing 
the valid interpretation of a literary text. The theory considered 
the understanding of a text to be a psychological reconstruction (Hoy, 
1978, p. 11). The idea of a reconstruction was necessary because the 
prevailing view of interpretation was that history was no longer 
immediately accessible and a reconstruction of the text was necessary 
to bridge the past to the present. A theory of this form continues to 
have force as evidenced by Hirsch's (1967) position. He presents a 
theory which includes criteria to validate interpretations. Hoy is 
Critical of Hirsch's approach because the criteria are to be applied 
according to the author's intentions. Hirsch argues for an unchanging 
meaning as the goal of interpretation because it is believed that some 
interpretations are more correct than others. His position is based 
on the idea that there is an objective basis for interpretations 
(Palmer, 1969, p. 60). A limitation of Hirsch's position is that it 
is impossible to show an objective basis is either knowable or that it 


is ever captured in interpretations. 


Hirsch claims that there is no objectivity in interpretation 
unless the meaning of the text is unchanging. He bases this inference 
on the premise that the author's intended meaning is determinate and 
reproducible (1967, p. 27). To him, understanding of a text is 
equivalent to constructing the text's meaning in its own terms and 
interpretation of the text is equivalent to explaining the text's 


meaning. ‘The object of understanding and interpretation 1s the 
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explanation of meaning, while the object of judgement and criticism is 


determination of the significance of the text. 


According to Hoy (1978, p. 24) the theory of psychological 
reconstructionism argues that it is necessary to postulate one correct 
interpretation of the text so that validity is possible. ‘The 
assertion of objectivity is used as a basis for maintaining the 
possibility of a valid interpretation. Hirsch connects the concept of 
validity to an author's intention and argues that if a text's meaning 
is validly explained the interpreter has correctly established the 
significance of the text. By arguing in this way Hirsch has connected 


validity and verification so that one depends on the other. 


Hoy (1978, p. 33) points out validity and verification can be 
separated in that an interpretation, though correct, is still invalid 
because of fallacious arguments or the wrong reasons have been given 
for the interpretation. Validity is seen to be a condition where, 
once all the relevant evidence is taken into account, the 
interpretation is internally consistent. Verification is a concept 
where the interpretation is debatable in terms of its own evidence. 
Hoy's analysis suggests an alternate form of understanding 


interpretation is possible. 


Gadamer (1975) offers a hermeneutic theory in which the nature of 
understanding is a result of clarifying the features of the text, the 
interpreter's understanding of the subject matter, and the 


interpreter's input. This input consists of the world's history which 


the interpreter shares, the tradition in which the interpreter stands, 
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previous interpretations, and the contemporary state of hermeneutics. 
By introducing the concept of "Wirkungsgeschichte", or the awareness 
of standing within an operant history, (1975, p. 263) there is no 
longer a need to postulate a bridge between past and present 
experiences. Because participants share a common world of shared 
meanings, they share a language and this means interpretation involves 
the analysis of meanings shared through communication. The meaning of 
the text is seen as that which the interpreter gives to the text as 
well as an inherent meaning in the text. As the text poses a question 
to the interpreter he approaches it with a particular personal history 
and gives a meaning to it. Because the text is a construction of 
language it also has an inherent meaning itself and the interpreter 


tests his meaning against the text (Hoy, 1978, p. 67). 


A perceived problem with the two forms of meaning is that they 
may be seen as relative. Gadamer counters the charge of relativism by 
claiming the process of communication involves a language which is 
more than a system of symbols. Part of the communication process is 
understanding. Since understanding involves both interpretation and 
application, relativism is avoided (1975, p. 405). Meanings of texts 
are contextually bound because interpretations are relative to the 
circumstances of the interpreter and the the text. As contexts are 
chosen by the interpreter, justification for the choice should be 
given. The choosing of a context means different lines of 
interpretation are possible. This does not mean all interpretations 


are equally plausible because not all contexts are justifiable. 
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Gadamer's contextualism is not arbitrary because the interpreter 
does not choose a pre-determined set of criteria to analyze a text. 
The interpretation arises from the interpreter's situation and the 
interpretative understanding is conditioned by such a situation as 
well as the text's context. The legitimacy of an interpretation is 
determined by examining the appropriateness of an interpreter's 


experiences and the context of the interpreted work. 


The concept of understanding 


Generally, when a person speaks of "understanding" they are using 
the term to mean explanation. There is a sense that such a view of 
understanding involves a methodology where connections are 
established. The intent of this dissertation is to use the term ina 
phenomenological and critical sense. Understanding is conceived in 
Gadamer's terms (1975, pp. 190-192, 230-232). To him, understanding 
is a concept in which the meaning of a situation is moving beyond 
being. The concept involves possibility; the possibility of 
interpreting; the possibility of seeing beyond connections. A 
traditional conception of understanding attempts to grasp the 
immediacy of an expression and does not look beyond. The intent of 
the descriptions of teachers' and students' conceptions of biology in 
this dissertation is to establish a communication between the text and 
the reader. The communication should disclose being a biology teacher 
and being a biology student. Understanding also involves critical 
sense making in that questions are raised about the underlying 
intents, motives and assumptions of biology teaching. Such questions 


add a dimension to the text's meaning and what it communicates with 
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the reader. 


In summary, this chapter discusses the theoretical basis on which 
the study is based. The conceptualizations of socially constructed 
knowledge, perspective and interpretation provide a structure to 
examine individuals' conceptions of biology and biological knowledge. 
The section on socially constructed reality indicates the discipline 
of biology concerns itself with knowledge that is constructed by man. 
Since history and personal experience determine an individual's 
perspective the presentation of biological knowledge becomes a problem 
of study because traditionally the discipline has been viewed 
objectively. Interpretations that are made of the participants' 
conceptions of biology and biological knowledge reflect a contextual 


viewpoint instead of a psychological reconstruction of meaning. 
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CHAPTER III 


RESEARCH IN SCIENCE EDUCATION 


Paradigms of science education research 


Kuhn's (1962) concept of a paradigm had a dramatic impact on both 
the natural and social sciences. He suggested research in the natural 
sciences usually operates within a framework, or paradigm, of normal 
science. A paradigm is the entire constellation of beliefs, values, 
techniques, and so on shared by the members of a given community 
(1970, p. 175). A paradigm directs the research questions, 
methodologies, data interpretation as well as determining acceptable 
standards of explanation. The normal science paradigm for the natural 
sciences is successful in that controlled situations are possible. 
Lowery (1980, p. 276) suggests empirical methods in normal science are 
successful because it is possible to manipulate one experimental 
variable while holding other variables constant. The manipulation of 


variables results in precise data being obtained. 


Educational research adopted the empirical research method along 
with statistical techniques because the natural sciences enjoyed 
success while using the normal science paradigm. Associated with the 
scientific paradigm is a view that it is objective, lawful and value- 
free. Since the paradigm has these attributes connected with it, data 
that is obtained from such a method also acquires the same attributes 


and conclusions that are Grawn are seen as certain. Despite the 
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success of the empirical paradigm in the natural sciences many 
educational researchers began questioning the appropriateness of this 
style of research in education (Power, 1976; Roberts and Russell, 


1975; Lowery, 1980; and Jacknicke and Rowell, 1984). 


The predominant criticism is research conducted in the scientific 
paradigm fails to yield significant results. Typically, the results 
of these experiments read no significant difference or when a similar 


study is conducted the results of the experiments are in conflict. 


Roberts and Russell's (1975) paper is a description of an 
alternative approach to research in science education. Their approach 
involves identifying important issues in science education and through 
the application of philosophy, develop theoretical perspectives from 
which phenomena in science education can be studied. The authors 
identify informal analysis as a powerful philosophical technique that 
lends itself to the development of theoretical perspectives. Informal 
analysis is concerned with the actual usage of terms and actual 
practice of individuals. The next step in their approach is to 
translate the theoretical perspective to a science education context 
and develop an analytical scheme by which particular phenomena are 
studied. Refinement of the analytical scheme occurs through feedback 


from the analysis of the phenomena. 


Roberts and Russell's paper describes several studies that employ 
the alternative approach and they make a detailed examination of a 


study performed by Russell. With respect to Russell's study it 
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demonstrates the possibility of examining science education phenomena 
from an alternative approach, As an overall conclusion to their paper 
they indicate the approach is a promising alternative to existing 


research paradigms. 


Power's (1976) position paper describes the development of three 
paradigms in science education: agricultural-scientific, 
anthropological and philosophical. The agricultural-scientific 
paradigm is one which is based on the scientific method. There is a 
dissatisfaction with research based in this paradigm because the 
results are inconsistent and the research lacks impact. Although there 
is disenchantment with the empirical method Power states it will 
remain the dominant force in educational research. In his words, "The 
politics of research are such that normal science is the norm; the 
politics of education has not yet created a crisis in educational 
research and no revolution is in sight, but there are signs of 
disquiet (p. 581)." Power briefly describes the anthropological and 
philosophical paradigms noting their strengths and weaknesses. He 
concludes that despite the scientific paradigm having limitations it 
should not be totally abandoned in favour of the new approaches. He 
argues for researchers being fully versed in a particular paradigm but 


also being aware of the contributions of the other paradigms. 


Lowery's (1980) paper deals with the topic of improving research 
in science by the use of paradigms. He states the failure of the 
research enterprise to develop into a field of fruitful inquiry is due 
to the quality of the methodology and the organization of research 


objectives. He indicates researchers are guilty or poor research 
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design as well as posing inappropriate questions for the research 
techniques they employ. To Lowery, the difficulty is deeper than just 
methodology because present research lacks a purpose and a framework. 
His suggestion is to move from "a fact-gathering stage in which basic 
elements of problems are discerned and identified to a natural history 
stage in which the description of elements is emphasized and finally 
to a theory formulation stage in which inferences are added to facts 
and organization to obtain concepts and testable hypotheses" (1980, p. 
277). In effect, Lowery is arguing for the movement from the 


scientific paradigm to a situational paradigm. 


Jacknicke and Rowell's (1984) paper begins with a discussion of 
paradigms and how they unconsciously guide people's actions. The 
authors contend a paradigm provides an orientation for an individual's 
perspective of the world. To illustrate this concept Habermas's tri- 
paradigmatic framework is outlined. The consequences of adopting a 
particular paradigm are given with respect to individuals' conceptions 
of knowledge. The paper then discusses the interrelationships of 
world views, school science and science education research in terms of 
Habermas's paradigms. Although the paper is critical of the 
empirical-analytical approach, the conclusion reached is science 
education needs a variety of views because research in the area is 
best accomplished from a number of approaches. As an overall 
conclusion Jacknicke and Rowell imply that particular questions in 
science education research are best studied through particular 


paradigms and it is short-sighted of researchers to dismiss alternate 


paradigms. 
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By the early 1980's qualitative research methods were becoming 
more common in science education. Roberts (1981), Rist (1982), Smith 
(1982) and Welch (1983) describe the benefits of employing a 
Situational approach for collecting and interpreting qualitative data. 
A commonality among the four researchers is the necessity of 
understanding the situation that is being studied so that the data are 
representative of the individuals involved. The researchers stressed 
the importance of observing, discussing matters of concern and 
becoming involved with the participants in order that the multiple 
realities of their situation is understood. Qualitative research is 
not viewed as a method which will supplant the empirical method. All 
four papers present the idea that different aspects of research 
questions are best studied by particular approaches and thus it is 
short sighted for science educators to ignore either qualitative or 
quantitative approaches. Welch provided descriptions and examples of 
both research modes and concluded by indicating the strengths and 
weaknesses of each. Smith alluded to difficulties in naturalistic 
research methods but she concluded that if naturalistic techniques are 
properly and conscientiously applied research in science education is 
more scientific. The availability of a variety of methods allows 
researchers to investigate questions from different perspectives and 
as a result obtain a more complete picture. Despite the difficulties 
associated with situational research, our understanding of educational 


situations is increased by naturalistic research methods. 


Science education and conceptions of science 


A frequently cited aim for secondary school science is to provide 


46 


uriaoned: ehiow aboriton oussees aiid . 
(tod GRE) dekh (taet) otsedot te : 
5 priayotgae io etizaned was 


ois) wWitedilnep patieiaisinl bre oat a 
es 
tO Voteeboon of? ak 222 | 


UP i 
ice on, ee 


Oh ' 


sie Atab odd tsids oa feboude pried se cui 
bsaasida austiowseesy sar boviowtik sindity 
bts EASED to aisits mn renee ne 

alata inm enta isis 1efrs0 rtd adasabobiae edt rtiw'® 

2k doyseeer sviieg tho) Loose absil, ab sonssesi, pel 
Lin  .Bordsem fsotatoms oni. snot bis et : | 


thiseres Io atvaqas Ines 


ak tL eudd bas asiosorgges as 
19 evidet£ faup 1913.48 S10nps . 
to astdmexe, Srls snob ygtsbbeb Bebin Ou 


bns etipnasaga, sits ae ws 7 


4 
Sisek isda at ali wiry WE 


915 esuptorived’ Roti 


roe N ica ee a | , | 

bas ‘tipaiagea ett av ih i Ryka of : 
Biases ohms te 
lsnotsssube XO en tets fate Birey pwaiet L540 : 2 te bs ) 
shorlfom roisstex sbrebiewzen, vw acicc i aomecite | 


pre roe 6 


29S LigiG. oc tie Ey a) ‘edalanco ne 


- 
a 


sonokge x0 anoiggaone”, bra robe m8 


= 


l 
ws =! 


caiaey oe ae oouisa Seong Seisbaasss 10% me hase eine 8 - 


eee i = 
- i . 


a background for individuals in society (Aikenhead, 1980, p. 26; 
Alberta Department of Education, n.d., p. 2; Hurd, 1970, 1975; Mackay, 
1971). When research dealing with this aim is examined it is seen 
that researchers evade the issue of offering reasons for providing 
such a background. Pella et al. (1966) state science is taught to 
prepare scholars in science, to provide background for technologists 
or to provide individuals with a general education for effective 
citizenship. In his discussion paper Aikenhead (1980, pp. 26-27) 
offers similar reasons for teaching science and he criticizes science 
curricula because they are designed for the 5-10% of high school 
students who enroll in post-secondary science courses. His criticism 
is important because he has raised a significant problem. The problem 
is that students are taught content and techniques as if they were 
continuing in the sciences at a higher level when in fact only a small 


number of students benefit from such instruction. 


Wayne Welch (1979) provides an explanation for the existence of 
the "teaching for society" position in his summary of the development 
of science curricula from 1955 to 1975. In the early 1950's 
scientists and science educators became concerned about the quality of 
science education in United States high schools. They were concerned 
because few high school graduates entered university science faculties 
and many of those who did encountered difficulties. This concern in 
conjunction with the political climate and the appearance of a book on 
the supremacy of scientific manpower in the Soviet Union stimulated 
the United States government to act. ‘The National Science Foundation 


(NSF) provided approximately $695 million, over a 20-year period, for 
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curriculum development and teacher-training activities. One 
Curricular series that was developed was the Biological Sciences 
Curriculum Studies (BSCS) materials. The BSCS curricula attempt to 
place emphasis on the nature, structure and unity of biology as a 
discipline as opposed to specific information. By stressing the 
structure of the discipline (Schwab, 1964) BSCS materials are devoted 
to the education of future scientists and they are not directed to the 
general education of individuals in society. Macdonald (1975, p. 291) 
concludes that Schwab's conception of curriculum is an example of a 
technical orientation. Perhaps the orientation accounts for the fact 
that the structure of the discipline became equated with content in 


many NSF curricula. 


As present science curricula stress teaching the structure of 
scientific disciplines, many curricula are unrealistic for the 
majority of students as they are not furthering their science 
education. The curricula are unrealistic because of the stress on 
content and the adoption of a technical-analytical orientation. The 
researcher contends this orientation is offered almost exclusively in 
school biology while intuitive elements of artisanship are ignored. 
It is on this basis that science educators need to be aware of the 
constitutive elements of biology, what their own conceptions of 
biology and biological knowledge are, and how students conceive 


biology and biological knowledge. 


The question of conceptions of science has been a concern in 
science education for some time. Pella et al. (1966) conducted a 


survey to determine the referents included in the literature 
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pertaining to scientific literacy. The survey examined references 
from 1946 to 1964. The authors identified scientifically literate 
individuals as those people who have an understanding of (a) basic 
science concepts, (b) nature of science, (c) ethics that control the 
scientist in his work, (d) interrelationships of science and society, 
(e) interrelationships of science and humanities, and (f) differences 
between science and technology. Analysis of the literature revealed 
that the first three characteristics were considered more important 
than the last three. This decision was based on the frequency with 


which individual characteristics appeared in the literature. 


One of the most commonly stated science objectives is the 
attainment of an understanding of the nature of science. Prior to 
Pella et al. identifying this objective as a characteristic of 
scientific literacy researchers investigated the question of whether 
or not high school students acquired a valid understanding of the 
nature of science (Mead and Metraux, 1957). The conclusion reached 
was that students typically had not acquired an understanding that was 
in agreement with the researchers' conceptions of science. On the 
basis of their results they hypothesized that the reason students 
failed to acquire an understanding of the scientific enterprise was 
that science teachers were not teaching the nature of science. There 
was a further inference to the effect that the science teachers were 
inadequately trained. Kimball (1968) studied this phenomenon and he 
argued that in most of the studies the research designs were faulty 
because the researchers used nonrepresentative samples of teachers. 


Kimball's study questioned how well scientists and science teachers 
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display a satisfactory understanding of the nature of science. 
Kimball concluded that scientists and science teachers did not display 
a difference in their understanding of the nature of science. As a 
consequence of this study the argument that high school students are 
not being taught the nature of science, because science educators are 
not properly trained, is not valid. A difficulty in assessing 
Kimball's study in relation to earlier studies is that he seems to 
Operate on the assumption his conception of science reflects the 
reality of science and thus he is in a position to judge other 
peoples' conceptions. He did not identify the basis on which he made 
this assumption, therefore it is difficult to determine if his 


conclusions are reasonable. 


At approximately the time Kimball was conducting his research 
other researchers were creating a number of objective instruments to 
determine students' conceptions of the scientific enterprise. In 
1973, Aikenhead noted that despite the number of tests available they 
were used infrequently in research studies. In response to this 
observation Aikenhead surveyed the available tests and examined only 
those where 50% or more of the items dealt with knowledge about 
science and scientists. This criterion excluded instruments that were 
related to students' attitudes toward or appreciation of science and 
scientists. As a result of the criterion six tests were reviewed. Of 
the tests examined five were specifically developed to test a portion 
of a high school students' knowledge concerning science. One test was 
validated on college graduates. The review indicated the tests were 
used to investigate or evaluate courses, supplementary materials, 


teaching strategies and teacher characteristics. Aikenhead concluded 
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the tests were used infrequently because they were generally 
unsuccessful in detecting the effects of different teacher 
characteristics and teaching strategies with respect to students' 
understanding of science. He hypothesized that the tests yielded no 
significant differences because they were either inappropriate or the 
research designs were ill-conceived. As a variety of researchers were 
involved, this researcher contends that probably not all the studies 
would be poorly designed. It is probable that there were difficulties 
within the instruments which led to inconclusive results. One 
difficulty that may be a factor is that individual tests are 
constructed from a researcher's framework. The results are students' 
interpretations of a researcher's conception of science. By studying 
conceptions of science in this way, a researcher may be introducing 
variables that influence data. Individual studies would have to be 
examined to determine if the researcher's orientation was a 


significant confounding variable. 


On the basis of the review Aikenhead concluded that the tests 
consistently demonstrated the degree to which learning about science 
and scientists had been stressed in classroom situations but they did 
not establish students' conceptions of science. In Aikenhead's 
opinion these types of tests demonstrate a potential for providing 
qualitative feedback to researchers as the results show what students 


have learned as well as common conceptions. 


A study done by Mackay (1971) raised the issues that prompted 


Aikenhead to suggest asking qualitative questions about the scientific 
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enterprise. Mackay felt that a considerable amount of time and effort 
had been spent investigating the development of scientific knowledge 
but little effort had been expended to determine how students develop 
an understanding of science. The study used an objective test to 
measure changes that occur in students' understanding of the nature of 
science through grades 7 to 10 in selected Australian schools. Mackay 
found a number of common deficiencies in the students’ conceptions of 
science. The resulting twenty-one areas were categorized into 
misunderstandings about (1) the scientific enterprise, (2) scientists, 
and (3) methods and aims of science. The results of the study suggest 
curriculum materials should be developed so that teachers can 
systematically develop students' conceptions of the nature of science. 
Mackay concluded that until this was done the probability of achieving 


a major science education objective was very remote. 


A difficulty associated with Mackay's study is the apparent 
viewpoint he has adopted in relation to his understanding of science 
and that of the students. Mackay's choice of an objective test to 
measure changes in student's understanding demonstrates the idea that 
knowledge is separate from the knower. Also his choice of the term 
"common deficiencies" illustrates that he views his conception of 
science as being correct while students' conceptions are incorrect and 
in need of being adjusted. It seems Mackay's choice of technical 
language is inappropriate as it encourages the reader to think of 


science in a narrow way. 


Even though Aikenhead and Mackay suggested alternate lines of 


research the literature shows researchers are mainly concerned with 


52 


gz 


d20%le Sis omit Qe-divems 6 | 
aoke Lwoutdl ata nei to steamer Lo | 
qo loved, stagaude woe atttasste ody 
od Jac -ovittebttio ina beau eusiieine a 

to outer ely Bo patbaszexeae: sa fm att 
seplonM, sino fd D8 aa aia baht ig 4 ‘aah Laseaanie 
so ennddeaghoo egmebiiye ote ak oe | 
oststip Bed Ade 28D giaw eeois4 nowt eae oir 
evetsneiee &) ote ep sate sith, inekoe: ss "ths sods 
oppue Ypise ad 20 at lieoi edt ige= hs ek er 
cso) fgarpget dey 0 iblanab beta ican 


oongtse So sisdan Say . re Nadviobur gofaveb "y 
oniveitos to yiriiteddag ont ati asm att caatin ial ne 


Le tek 
soreioa 3 siesta a O) 


mos oft 20 ne aS eons oi) mort Je aKye 
to notigssiob aid ewety ed its eoterdau Ltr "a9 toned 
«bas goetaopak e739 dobtaaciion: ‘adnsbuta, oti $e . i | 
feotouioad Fo. Bb tons B'y5i05M ames ase . 
20 aiid oF 196891 $n3 s9psiueorS ok visa oom 


$0 siti t ssneaoas beJaappum io bas scicta inal 
ation ot cil o18 srbteiiease nworia RN 


determining science teachers' understanding of science or developing 
instruments to measure interpretations of science. Two studies by 
Billeh and Hasan (1975) and Billeh and Malik (1977) attempted to 
combine the two purposes. The rationale used in the studies was 
related to a perceived need to determine the factors that influence 
science teachers' conceptions of science because this problem is of 
significance to the design of teacher-training programs. In contrast, 
Rubba and Anderson (1978) developed an instrument that specifically 
keyed on a model of the nature of science that had been developed in 
1974. The Model of the Nature of Scientific Knowledge originally 
listed nine factors which Rubba and Anderson condensed to six, owing 
to overlap within the original factors. The result is the Nature of 
Scientific Knowledge Scale (NSKS). Perhaps the value of this 
instrument lies in the fact that it is specifically aimed at measuring 
students' conceptions of the nature of science. Perceived limitations 
of the test include the lack of a contemporary philosophy of science 
within the items. For example, individual questions do not reflect 
science as being a creative activity in which nonrational elements 
play a part. Another limitation is that the items predetermine what 
view of science is to be measured. A test of this nature does not 
allow for interaction between the researcher and students with respect 
to clarification, explanation or interpretation of the questions or 


responses. 


Alternative approaches in science education research 


Until the mid-1970's typical research in science education was 


} P 1 , +7 7 } . 7 i , a wel! 
characterizea by empirical studies in the "agricultural-scientiric 
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paradigm. Power (1976, p. 584) states that in 1974 at science 
education research conferences the predominant style of research 
discussed in the papers was that of the scientific paradigm. He 
states only three or four papers used a philosophical approach. One 
of these papers was presented by Roberts and Russell (1975) in which 
they described an alternative approach to research in science 
education. Studies referred to in the paper demonstrate that a form 
of research was being undertaken in which situations were examined 


from various philosophical positions. 


An example of a paper that fits the general description of a 
study examined from a particular philosophical position is that of 
Kilbourn (1971). He discussed in detail a method of analyzing the 
basis on which knowledge claims, presented in science textbooks, are 
accepted as knowledge. Kilbourn's analytical scheme, or what is 
termed a clue structure, was based on Scheffler's (1965) work dealing 
with the truth and certainty of knowledge claims. The significance of 
Kilbourn's analytical scheme is that it demonstrates an approach for 


viewing research questions by using points from epistemology. 


Another paper by Kilbourn (1980) addresses the issue of how 
science curricula contribute to students' conceptions of reality. The 
basis of his argument is an assumption that individuals have a world 
view. He indicates a world view is a concept which reflects 
individuals' perceptions of reality and how that reality is known. A 
mechanistic world view is where the universe is perceived as a machine 
and causality is interpreted as action by contact. In such a view 


time and space are absolute, infinite and eternal. Kilbourn concludes 
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world views are projected in textbook statements and for such 
statements to be intelligible students must assume attributes of 
particular world views. Kilbourn provides examples in which BSCS 
materials are examined and he demonstrates that a mechanistic world 
view is implied in the materials. The application of the analytical 
scheme to a particular biology textbook demonstrates the capability of 


the "clue structure" to distinguish world view in teaching materials. 


A second paper by Kilbourn (1980-81) expands the concept of world 
view from individuals to an institutional level. He maintains world 
views, at the institutional level, are displayed by governments, 
religious groups, educational systems and so on. Such institutionally 
held world views influence various aspects of society. He further 
argues there are six world views and science curricula materials 
normally reflect four of these views. The four views deal with 
material that is accepted on the basis of evidential claims. The 
point Kilbourn makes is that individuals generally develop an eclectic 
world view because they are not made aware of the abstract assumptions 
underlying the knowledge they are taught. Kilbourn concludes by 
arguing for the teaching of the theoretical basis of the world views 


and the resulting implications of adopting particular views. 


Waterman (1982) performed a study that looked at biology 
education from a philosophical and epistemological point of view. Her 
question was related to what college biology students thought 
scientific knowledge was like and where they thought it came from. 

She was critical of elmpirical-analytical studies which sne termea 


"standard survey research" and suggested a major limitation of these 
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studies is that students are reacting to researchers’ conceptions of 
science. To overcome this limitation Waterman suggests employing 
open, nondirective, neutral interviews to determine students' 
conceptions of science. Her study consisted of developing a twenty- 
nine item questionnaire which was answered on a five-point Likert 
scale by 142 students. She used a matrix sampling technique in which 
thirty students were each asked to interpret a sample of five of the 
survey questions. Waterman's interviews consisted of questions such 
as: "What did item 3 mean to you? or Please rephrase this item so that 
it says the same thing, or has the same meaning for you." A second 
set of interviews was conducted with eight students and the questions 
that were asked were along the lines of the following: "How have you 
or your thinking about science, scientific method and or biology 
changed since September?" Waterman also states that she asked most of 
the eight students about their notion of scientific method and how 
scientific knowledge becomes known. According to Waterman the 
interview data was analyzed for several purposes. The purposes 
include establishing face validity and reliability of the survey 
questions, determining the positions students hold on the issue of 
nature of knowledge, objectivity and growth of knowledge and finally 
determining if students perceive their conceptions of biology as 


changing. 


Although Waterman is critical of "standard survey research" she 
conducted a survey which presented her conception of biology and then 
had students react to it. She recognizes a limitation to surveys and 


attempts to overcome the iimitation by including interviews. She does 
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not provide an appendix of interview questions and the reader has only 
a few sample questions to judge the interview section of her study. 
Based on the sample questions Waterman's study does not reveal 
students' conceptions of biology; instead it reveals students' 


reactions to her conception of biology. 


Philosophy of Science 


The aim of this section of the dissertation is to outline 
Significant shifts in the philosophy of science as viewed from a 
history of science perspective. The section does not necessarily 
present the history of science in a chronological fashion. It seeks 
specific points, times, events or situations that are strategic in 


terms of shifts in scientific knowledge and the philosophy of science. 


The following sections of the dissertation outline significant 
shifts in scientific knowledge and the philosophy of science. The 
shifts are discussed because many of the participants’ conceptions of 
biology are rooted in historical and philosophical developments of 


science. 


Conceptions of science are usually not shaped by scientists 
themselves, rather such notions are shaped by philosophers and 
historians of science (Wade, 1977; Walker, 1963, p. 21). It is 
philosophers and historians who describe scientific methods; the 
process by which old theories give way to new; and differences between 


theories, laws and hypotheses. The conceptions of science are usually 
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generated by individuals other than scientists. This point raises the 
possibility of equating "doing science" with "being a scientist." The 
purpose of the above description is not to equate the two. It is 
important to recognize that many historians and philosophers of 
science influenced interpretations of science and these 


interpretations are in evidence in school biology today. 


One of the earliest philosophical traditions in science can be 
traced to Greek civilization. As the Greek states developed, the 
geographical position of the country and its economic needs caused the 
people to come in contact with older cultures. Greek citizens living 
along the Ionian coast derived material goods as well as knowledge 
from Babylonians and Egyptian cultures. Crowther (1967) states the 
Ionians were unable to accept the imported knowledge without critical 
examination and it is this characteristic that separates Greek culture 
from earlier and many later civilizations. With the introduction of 
critical examination of acquired facts the Ionians were the first 
Europeans to break with the tradition of explaining natural 
observations by mythological means (Durant, 1933, p. 51; Lanham, 1968, 
p. 41). The philosophy of the Ionians was based on the assumption 
that the universe is natural and it is explainable by ordinary 
knowledge and rational inquiry. With the adoption of this philosophy, 
supernatural explanation was given a different emphasis and the 


Ionians introduced the concept of generalized thought to Europe. 


When first considered, it seems the rise of generalized thinking 
is unexplainable. Crowther (1967) argues that it is explainable and 


offers several factors as part of his explanation. Perhaps the most 
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important factor was the necessity for persuasion among members of the 
Greek governing class. Greek society was egalitarian in terms of 
classes and the governing class felt they had the right to reject 
hypotheses not supported by persuasive proof. The acceptance of 
statements on authority was contrary to their social habits. Their 
class of society was structured on the basis of deduction which they 
used as a method of verbal argument to change the opinion of other 
free men. Crowther believes generalized thinking was developed to 
satisfy practical needs of a free group in a particular society. A 
limitation of Ionian philosophy was it consisted of complicated 
arguments of logic that were based on few observations. Consequently 


truth was obscured by the maze of arguments. 


With the rise of Athens as the chief city in Greece the 
limitations of Ionian philosophy became apparent. Social problems 
existed in Greece at this time and the Ionian philosophy was unable to 
offer insights into the problems. Athenian philosophers discovered 
that combining Ionian hypotheses with systematic experimentation did 
not offer solutions to problems and in terms of science there was a 
regression to earlier times. Socrates perceived disorder in Greek 
society and he felt the social problems could not be resolved unless 
absolute goodness existed. Since he did not derive benefits from 
Ionian philosophy he attacked it. Consequently naturalistic and 
experimental science was rejected and Socrates's philosophy of 
renewing the individual will and establishing absolute goodness 


prevailed. 


Socrates's philosophy was continued in part by Plato, Plato's 
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work combined idealism, scepticism and mysticism into a philosophy 
where ideas of nature were deduced from human needs and preferences. 
Plato's views, of what he considered worthy of study, led him to 
develop the theory of intelligible forms in which the forms or ideas 
possess the quality of reality that is denied individuals. His theory 
was applied to the problem of classification. The Greeks viewed 
groups of things as belonging to classes that were totally separate. 
They examined the similarities of the individuals composing the 


classes and ignored relationships between classes. 


In an effort to explain observed similarities within a class 
Plato developed the idea of a primary type to which individuals of a 
class conform. It was thought that natural objects are constantly in 
a state of change and it is only the types that are real and 
unchanging. Consequently, Plato concluded these forms have a real 
existence and they are the only realities. Plato's philosophy became 
known as idealism and it had a significant effect on the development 
of science because objects do not have reality until a person's mind 
discovers the essence of the class and then the form. The development 
of experimental science, as we know it, was delayed because Plato felt 
the forms were the only real and fit subject for analysis. The delay 
occurred because Plato's forms do not have a concrete existence and 


experimental science depended on the manipulation of real objects. 


An important shift in the philosophy of science occurred when 
Aristotle broke from Plato's extreme position of idealism. Aristotle 


recognized the reality of individual objects with the idea of objects 


being names or mental concepts. This form of philosophy became known 
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as nominalism and was more favourable for the growth of science as we 
know it (Dampier, 1971, p. 35). Nominalism is conducive to the 
development of traditional science because it assumes individual 
objects are real and it is possible to employ objects in 


investigations. 


Aristotle's philosophy indicated "the natural path of 
investigation" begins with that which is directly knowable and evident 
to us and moves to what is self-evident and intrinsically intelligible 
(Frank, 1957). Aristotle's philosophy of science is based on the idea 
that through direct observable facts general principles are derived 
that explain what is self-evident and naturally intelligible. 
Aristotle's scientific procedure of collecting the few available facts 
and then deducing wide generalizations created a weakness in 
Aristotelian science that persisted for approximately 1500 years. 
Dampier (1971, p. 35) identifies the lack of scientific facts and the 
lack of an adequate scientific background into which the facts are 
fitted as reasons for the failure of Aristotle's system. In 
conjunction with his deductive method Aristotle also introduced 
syllogistic logic to science. With the use of syllogisms premises 
were used to arrive at a formal proof which was then used as a 
scientific conclusion. The use of syllogistic logic was inappropriate 
because science attempts to discover general principles and not 
generate formal proofs. This criticism of Aristotle's method was not 
recognized until the middle ages and even then, only by a few 
scientists. Aristotle's teachings reinforced a form of science that 


stressed deducing formal proofs from premises that had been arrived at 
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by induction. 


Dampier (1971, p.36) states that one of the intellecutal tasks of 
the early middle ages was the assimilation of Aristotle's works and as 
a result mediaeval science became a search for absolute certainty along 
with the premature use of deduction. Aristotelian science led to the 
assignment of infallibility to fallible authorities and false 


reasoning in a deceptively logical form. 


Beginnings of experimental science 


The beginnings of experimental science are found in historical 
works that discuss the basis on which we accept some principles and 
not others. Two reasons for accepting a principle were formulated by 
Thomas Aquinas and described in his unfinished work, Summa Theologica, 
which was published in 1274. One argument for believing a statement 
is that results can be derived fron it and thus they can be checked by 
observation. This form of thought places faith over reason in studying 
the natural world. The second argument is that a statement is 
believable when it can be logically derived from intelligible 
principles. The second argument is a direct application of 
Aristotelian thought and during the middle ages it was considered to 


be the higher reason. 


The assertion of reason over faith came earlier in the Islamic 
world than it did in Latin Christendom. In the twelfth century 


Averroes put forth the Aristotelian idea that reason had primacy over 
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faith. Wallace (1978) states Averroes's justification for believing 
in the primacy of reason was that he was not a Christian. Averroes 
was of the Islamic faith and he believed man's passive and active 
intellect were one and the same thus denying personal immortality. He 
also believed the universe was not created nor would it cease to 


exist. These points illustrate that he followed Aristotle's writings. 


The commentaries of Averroes were known to thinkers such as 
William of Auverge and Albert the Great who presented a form of 
Aristotelianism at the University of Paris in the thirteenth century. 
The form of Aristotelianism that was taught placed lay learning on an 
almost equal footing with revealed truth and provided a foundation for 


the development of mediaeval science. 


At approximately the same time that Averroes's interpretation of 
Aristotelian thought was being taught at Paris, Robert Grosseteste 
assumed the leadership of Oxford. Grosseteste's interpretation of 
Aristotle was more in agreement with the teachings of the Catholic 
faith than that of Averroes. Grossetest's writings on the 
metaphysics of light suggested an experimental approach (Wallace, 
1978, p. 96). Grosseteste's ideas concerning experimentation were 
taken up by Roger Bacon and when they were combined with knowledge of 
the Parisian form of Aritstotelianism experimental science became a 


possibility. 


Not all scholars of the middle ages believed in the supremacy of 
Aquinas's second reason. During this time there was a gradual shift 


in philosophy that marks the transition trom Aristotelian to modern 
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thought. Roger Bacon has been identified as a scientist who 
recognized the weakness of nominalism. He stressed the importance of 
deriving results from the statements and then checking the results by 
experiment (Crowther, 1967, p. 51). Through the combination of 
scientific criteria and experimental methods it can be said that Roger 
Bacon's work was an important factor in the early stages of modern 
science. He was one of the first scientists to appreciate the role of 
experimentation in establishing what is considered scientific 


knowledge. 


The next important shift in the philosophy of science occurred 
when Francis Bacon argued that science was not progressive and to 
become so, a new scientific method was needed. He based his argument 
on the principle that if new knowledge was desired science needed to 
abandon scholastic philosophy and the ancient method of deduction. 
Francis Bacon stressed the need to end haphazard experimentation and 
develop an organized scientific method. His contribution was the 
realization that scholastic philosophy did not generate new knowledge 
nor did the Aristotelian method generate reliable scientific 
knowledge. He believed by collecting all available facts, making all 
possible observations, performing all feasible experiments and then 
collecting and tabulating the results, the connection among phenomena 
would become apparent and general laws describing the connections 
would emerge. Francis Bacon advocated a purely inductive method, 
which was directly opposite that of Aristotle. Feibleman (1972, p. 
119) states that of the philosophers of science "Chief among these is 
Francis Bacon, who believed that deduction plays no role in the 


scientific method." As described, the pure Baconian method involves a 
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scientist employing insight or intuition to generate, through the 
process of induction, tentative hypotheses that are in agreement with 
observed facts; then through a process of deduction the consequences 
of the hypotheses are determined and then tested by observation or by 
experiment (Feibleman, 1972, p. 181). If the tests indicate 
discrepancies, the Baconian method implies returning to the hypothesis 
stage and working through the method repeatedly until a hypothesis is 
found that is in agreement with the original observed facts as well as 
those generated by the experiments. This method is based on the 


assumption that the method is correct and the facts are wrong. 


Despite Bacon having little influence on his contemporaries 
(Dampier, 1971, p. 126) the method that carries his name has directly 
influenced science education. Textbooks such as Modern Biology (Otto 
and Towle, pp. 5-6) clearly outline a slight modification of the 
Baconian method and state "Ihe steps in this research method are 
logical and orderly. In fact, they are simply a system of common 
sense." The researcher contends that such a presentation is an 


oversimplification and misrepresentation of science. 


Many writers imply that experimental science is where a technique 
of experiemental inquiry is used. The technique consists of developing 
a possible theory about a phenomenon that is to be investigated, then 
predictions of the theory are made and controlled experiments are 
devised to test them. The more rigorous the test, the more acceptable 
the results. Criteria for the testing procedure is the amount of 
experimental evidence, rigour of the arguements and precision with 


which the predictions are formulated. 
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The requirements for experimental inquiry first appeared in 
physical science investigation during the 1600's. These 
investigations led to the formulation of a general experimental 
theory. The new theory incorporated results of previous experiments, 
gave insights into present observations and suggested new experiments 
to test the insights. The experiments reordered the subject giving it 
direction and coherence. Hence, the development of experimental 
investigations mark a significant point in the philosophy of science. 
In biology, experimental techniques did not lead to the development of 
experimental biology. The new philosophical position led to doubts 
about biology ever becoming an experimental science (Gasking, 1970, 


p.5) 


William Harvey was one of the first biologists to be influenced 
by the philosophy of experimental inquiries. He combined dissection 
and vivisection with simple investigation. The problem Harvey 
investigated arose directly from making observations during 
dissections and noting they were in disagreement with Galen's 
theories. Harvey argued against the Galenic assumption that the 
movement of the heart and lungs were the same and the vein-like artery 
could perform the three tasks Galen assigned to it. Harvey also 
disagreed with the idea that all blood was carried from the right to 
the left side of the heart through pores in the septum. He disagreed 
with this idea because his dissections did not reveal evidence of such 


pores. 


Among Harvey's accomplishments was a detailed description of the 


action of the heart. He also worked on the systemic circulation and 
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calculated the amount of blood entering the aorta per hour. He did 
this by first counting the number of heart beats per minute and having 
measured the amount of blood an excised heart could hold he concluded 
that amount of blood entering the aorta was greater than the amount of 
blood in the body. On the basis of this conclusion he decided blood 
leaving the heart through the aorta must be returning via the vena 


Cava. 


Harvey's simple experiments demonstrate an experimental technique 
in that a hypothesis is directly confirmed by showing theoretical 
deductions are in agreement with direct observations which did not 
play a part in developing the theory. His work treated the human body 
as if if were a machine (Lanham, 1968, p. 220). He examined various 
structures to determine how the whole worked. He was mechanistic in 
that he compared the heart to a pump and the valves in the heart and 


veins to mechanical valves. 


Mechanistic view of science 


Ancient science was based on the assumption that general 
principles were derivable from intelligible principles. In Greek and 
early mediaeval science the intelligible principles were based on the 
belief that everything had a specific nature and acted according to 
it. This view was termed the organismic view of science because all 
objects were viewed as if they were organisms. The premise on which 
the organismic view was based was that the actions of organisms are 


intelligible. With the introduction of induction and experiment to 
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science there was a corresponding shift in how science was viewed. 


The organismic view was replaced by a mechanistic view. 


The mechanistic view arose because of a combination of factors 
related to the work of Galileo, Descartes and Isaac Barrow. With the 
shift in philosophy from scholasticism, where nature is made for man, 
to that of empiricism, where man is part of nature, Galileo began a 
search for mathematical relationships in natural phenomena. One area 
Galileo applied the new philosophy to was terrestrial dynamics. One 
of the first steps was to delimit the problem of dynamics and in doing 
so he gave time and distance specific mathematical forms. By defining 
time and distance exactly, Galileo made it possible to analyze the two 


concepts quantitatively rather then qualitatively. 


Descartes regarded physics as reducible to mathematics which in 
turn was reducible to mechanism. He even thought of the human body as 
a machine (Dampier, 1971, p. 135). Descartes was the first person to 
formally establish a complete dualism where there is a clear 


distinction between mind and matter, soul and body. 


Descartes applied the principles of terrestrial dynamics to 
phenomena observed in the heavens. His application of dynamics was 
based on the assumption that the physical world consists of closely 
packed space filled with matter. In such a world, motion is due to 
one object coming in contact with another object. The motion occurs 
in closed circuits because there is no space into which an object can 


move so that one object can pass another. Instead of space or a 


vacuum between two objects, Descartes believed there was an invisible 
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primary matter or ether that filled all space. Based on his 
conception of the world he developed a theory of vortices to explain 
motion. The theory reduced the universe to a machine which was 


expressed in mathematical terms (Gasking, 1970, p. 28). 


Descartes viewed man as having a rational soul but his body was 
the equivalent of a machine. His mechanistic position was based on 
two assumptions: one, there is an analogy between organisms and 
machines, and two, nature is governed by simple general laws and thus 
vital functions involve only substances and processes found in 
inanimate nature. Harvey had successfully used the first assumption 
in his work on blood circulation but he had reservations about viewing 
man aS a machine. Descartes's mechanistic view influenced the 
development of biology and almost all biologists accepted his two 
assumptions for approximately the next 100 years (Gasking, 1970, p. 
30). The adoption of Descartes's philosophy by biologists brought 
them very close to physical scientists and biology became dependent 


upon physics. 


A group of English scientists continued experiments based on 
Harvey's work and their experiments focused on respiration and the 
functions of the blood. The experiments were an attempt to apply 
mechanistic principles. For example, Robert Boyle obtained a new 
vacuum pump that allowed him to partially evacuate a cylinder and he 
tested the effect of a lowered air pressure on animals and lighted 
candles. He finally demonstrated that animals live slightly longer if 


the air is slightly compressed and he concluded air either absorbs 
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sooty vapours of combustion and respiration or it plays an essential 


role in combustion and respiration. 


Robert Hooke repeated an experiment of Vesalius's. Hooke removed 
the chest, ribs and diaphragm of a living dog and kept it alive by 
blowing air into the lungs through the trachea. He also pricked the 
lungs and kept the animal alive by passing air through the lungs thus 
demonstrating that the movement of the chest and lungs is only 
necessary for the exchange of air. This experiment disproved that 


movement of the lungs accounted for circulation by moving the blood. 


Richard Lower also continued with experiments based on Harvey's 
work. Lower repeated Hooke's experiment but noticed blood entering 
the lungs was dark red but bright red when leaving, providing air 
continued to flow through the lungs. If air was withheld the blood 
remained dark red. He also noticed that if a container of blood was 
exposed to air the top layer was bright red but immediately below that 
it was dark red. He further noticed if the bright red layer was 
skimmed off the dark red layer became bright red upon exposure to air. 
He concluded the colour change was due to the blood absorbing nitrous 
particles from the air and then losing them to the body's organs as 


the blood circulated. 


In the mid 1600's mathematical principles were being applied 
successfully to problems in the physical sciences but they had not yet 
been applied in biology. Giovanni Borelli did so. He analyzed animal 


movements mathematically by applying Galileo's analysis of the 


strength of materials. Borelli accepted the idea that natural 
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processes were the result of motion of small particles. His 
calculations of the force per unit volume of human jaw muscles led him 
to feed glass beads and cubes to turkeys. Since the birds’ gizzards 
crushed the glass beads he concluded their stomachs developed more 
force per unit volume than did a human's jaw. He realized that 
digestion involved more than pulverization but lacking a chemical 
theory he was unable to proceed. Experimenters such as Boyle, Hooke 
and Lower encountered the same difficulty because there was a lack of 
chemical theory that provided explanations of the components of air 
(Gasking, 1970, pp. 30-45). 


Developments in biology lagged at this time despite the existence 
of iatrochemists. Iatrochemists were individuals who combined 
physiology and chemistry. The combination of these two fields should 
have been productive but since the iatrochemists invoked mysticism 
into their explanations the majority of scientists dismissed their 
claims. The first successful attempt to combine physiology and 
chemistry was made by Francois Dubois. He was not an iatrochemist; 
instead he viewed organisms as machines that functioned because of 
chemical changes. He and his students studied the chemistry of 
digestion but lacking chemical techniques to analyze digestive 
secretions and food composition they were unable to describe the 


digestive process. 


According to Gasking (1970, p. 48) the failure of physiological 
experiments to make advances was due to the attempted application of 
mechanistic principles and this resulted in physiological experiments 


almost ceasing by the end of the 1600's. The failure of biology 
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demonstrated the need to abandon mechanistic principles but 
Descartes's mechanical universe persisted because a few simple laws 


agreed with physical phenomena. 


A further complication of the mechanistic view was introduced by 
Isaac Barrow. He was influenced by Galileo's conception of what was 
appropriate for scientific study. As previously mentioned, Galileo 
carefully delimited problems and employed experimental and inductive 
methods along with mathematical deduction when investigating a 
problem. If a problem was not amenable to these conditions he did not 
consider it appropriate for study. Barrow believed the object of 
science is to study the world that is perceptible to the senses; 
particularly aspects of the world that demonstrate quantitative 
changes. To avoid a circular argument when discussing time and motion 
Barrow stated time and space are absolute, infinite and eternal. 
Barrow's conception of time and space gave rise to the idea that space 
extends evenly, without limit and time flows constantly onward without 
the interpretation of humans. Barrow's statement represents time and 
space as being independent of human knowledge, perception and 
interpretation. As such, time and space have an existence of their 


own (Dampier, 1971, p. 138). 


Sir Isaac Newton's development of mechanics was affected by 
Barrow's conception of absolute time and space. Newton distinguished 
between relative time and space, as perceived by humans, and absolute 
time and space that exist in their own right. Along with the 
development of Newtonian mechanics there was also the development of 


an observer-observation relationship. The relationship that was held 
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by individuals during and after the development of terrestrial 
dynamics was one where masses move in absolute time and space and are 
capable of being held in the mind (Robinson, 1969, p. 16). An 
observer is one who is in the centre of the universe surrounded by 
objects that can be perceived by the senses and understood by the 
mind. By adopting a mechanistic view, all qualities were reduced to 
mechanical ones and scientists were able to assign numbers to the 
qualities. The fact that the qualities had a mathematical value made 


it possible to understand the world. 


The failure of biology to become an experimental science, through 
the application of mechanistic principles, was masked by a change in 
thought during the later part of the seventeenth century. Geographic 
discoveries associated with exploration and colonization switched 
peoples' thoughts from man to the world of nature (Lanham, 1968, p. 
93). Explorers were returning to Europe with a huge number of 
previously unknown plants and animals and classification dominated 
biology through the eighteenth century. The change in thought 
coincided with the acceptance of a mechanical universe because 
theologians believed attributes of God could be understood by studying 
His works. Living things with their variety and intricacy seemed 
suitable for studying the attributes of God because the universe was 
viewed as His creation. Thinkers of this time developed a new 
philosophy of nature that included relationships of the physical world 


and the theory of vitalism. 
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Vitalistic view of biology 


A number of variations of vitalism developed over the history of 
biology but they were all based on a vital force which accounts for 
the unique characteristics of life. According to Birch and Cobb 
(1981, p. 77) versions of vitalism were considered as recently as 
1950. Hein (1972, pp. 159-161) puts forth a position that vitalism is 
normally of historical interest in biology and most researchers treat 
it as a progressive conception of biology that has been shown to be in 
error and it is no longer an issue. Hein contends that vitalism is a 
meta-theoretical controversy and it is still evident in modern 
biology. Observations made by the researcher indicate vitalism is an 


issue in school biology. This point is considered in Chapter IV. 


A vitalistic theory was first introduced by Georg Ernst Stahl in 
1708 In his book, Theoria medica vera, he considered the differences 
between a living organism and a chemical compound. Stahl was 
impressed by the fact that organisms maintain their identity although 
they are constantly changing. He considered this ability to resist 
change as evidence of a vital force (Gasking, 1970, pp. 55-56). 
Stahl's argument for a vital force was based on the idea that since 
physico-chemical laws could not explain observations associated with 
experiments performed on living organisms it was assumed that each 
organism was controlled by a vital force termed the "ens." He 
believed organisms were made of the same material as the inanimate 
world but the ens was necessary to give inanimate materials life. 


Associated with Stahl's conception of a vital force was the idea of a 
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"superior acting cause." This cause was not dependent upon the 
inanimate materials of an organism and it did not function as a direct 
aim for the organism. As such, Stahl's superior acting cause 
determines the ens which accounts for characteristics we attribute to 


life. 


In the mid 1700's the mechanistic position in biology was in 
decline and the alternate position of vitalism became popular. The 
dismantling of English physiological research with its mechanistic 
explanations was accomplished by John Hunter in the 1770's. He 
prepared a series of papers in which the techniques and assumptions of 
a new physiology were outlined (Brown, 1974, p. 181). Hunter's 
position denied the possibility of mechanistic explanations and 
focused on the "living body's unique and complicated behaviour." He 
invoked a vital force to explain observations made while performing 
experiments on the body temperatures of animals. Hunter destroyed the 
position of mechanistic physiology in a branch of biology with the 
combination of his experimental observations and the introduction of a 


vital force. 


Decline of the mechanistic view of science 


The mechanistic view began to break down during the last half of 
the 19th century (Santillana and Zilsel, 1970, p. 89) when Maxwell 
developed fundamental equations to explain electromagnetic waves. He 
also obtained the same equations by a complicated mechanical analogy 
that subsequently generated logical inconsistencies. For his analogy 


to be functional a propagating medium, ether, was required. The ether 
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had to penetrate everything as well as behave mechanically as a solid 
body; consequently mechanical models were viewed as being redundant. 
In the physical sciences, the development of the quantum theory led to 
the final breakdown of mechanism. Heisenberg's uncertainty principle 
forced physicists to either give up established laws of nature or 
alter the mechanistic view of science (Margenau, 1950, p. 42). The 
establishment of the validity of specific laws of nature caused the 


mechanistic view of science to be renounced. 


In the biological sciences the mechanistic world view that 
depicts a finite, static universe consisting of hierarchically 
arranged scientific facts began to break down with Darwin's 
development of the theory of evolution. The rediscovery of Mendelian 
genetics gave additional impetus to changing the world view and the 
development of molecular biology further accentuated the shift. A 
static view of the world has been replaced with one of an apparently 


boundless universe that is constantly changing. 


Logical positivism 


The view of logical positivism evolved out of the Vienna Circle 
in the 1930's and it had a significant impact on science as it is 
viewed by scientists and the public (Margenau, 1950, p. 18; Wade, 
1977). The philosophers of the Vienna Circle developed a philosophy 
known as logical positivism which maintained science is a strictly 
logical process (Joergensen, 1970, p. 4). According to this view, 


scientists advance a theory on the basis of inductive logic and then 
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test it by empirical means deductively derived from the theory. If 
the new theory provides better explanations than the old theory, the 
new theory is adopted. Through the acceptance and rejection of 
theories science moves inexorably closer to the truth. A prime 
concern of this group is to concentrate attention on the certainty of 
the results of science (Neurath, 1971, p. 18). Characteristically the 
members of the group picture science as a two dimensional structure 
into which missing pieces must be fitted. In Neurath's words, "The 
‘mosaicists' are not only inlaying the stones but also changing 
certain stones for others and varying the whole pattern" (Neurath, 
1971, p. 3). Such an analogy leads to misrepresentations of science 
because a scientist is seen as an individual sorting existing pieces 
of knowledge until he discovers the proper combination that fits the 
space in his mosaic. Such a view intimates scientific knowledge will 
be ultimately complete, just as jig-saw puzzles are ultimately 
complete. Wade (1977, p. 143) states logical positivism "deliberately 
ignores the historical context of science as well as the psychological 
factors which many people would consider important in science, such as 


intuition, imagination, and receptivity to new ideas." 


A contemporary view of science 


Since the development of logical positivism a group of 
contemporary science historians and philosophers have recognized that 
the scientific enterprise is influenced by a logical structure as well 
as human factors. The analysis of scientific thought by Feyerabend 
(1975, 1980), Kuhn (1962), Polanyi (1962) and Medawar (1969) have 


demonstrated that the scientific enterprise involves nonrational 


iT: 


ti wynoad? oxi mov’ bevizeb Lai 
ont ynosdt le eat ects peraksen 


ho yorkedtee ets m no tined26- a. peak oc oe pr: : 
ond yLigobaetievos ist GL 4 vet ne 8 9 eaten 0 ft ns: 
susUEgs , seit ow? 8 Bb gAle is enue crow ‘ad 29 
arte” ,abidow. ateihigibss! ai Ros ot aea nok 
prikgnsiio Onis ich cask ‘i Micaeeanuneee aie me 


ewe) - Mecsas ssean ad? pabwer fas eedso 205 peer 


ists oF Beak olan P oy, a a 


at 


Pe fw 


” 


asohgreleiotes hom Dutta a6 rid al sehonaioe a . 


oti cy aU coaanine> rove ft aneennih a Li ag 


2 epaumnk wey 8 Hou sek ane 


agr nia Cee 


A 


procedures. In his essay, The Unaccountable Element in Science, 
Polanyi (1962) shows how intuition is important to scientific 
discovery and the formation of scientific knowledge. Based on the 
evidence of perception, he argues that scientists pay attention to 
foreground and background information of a particular situation as 
well as the total picture. Once these perceptions are acquired the 
skill of intuition is employed to see the hidden patterns of the 
problem. To Polanyi a nonrational aspect of science is involved in 
the recognition of a problem. The nonrational aspect involves an 
intuitive leap which he terms illumination. According to Polanyi a 
scientist recognizes a problem when he is aware of a logical gap in 
his knowledge. The process of illumination occurs when a scientist 
conceives of the logical gap in a different way and generates 
distinctive conclusions. The intuitive leaps that scientists make are 
not necessarily seen as logical. Medawar (1969, p. 55) reinforced the 
intuitive aspect of science when he stated the major defect of the 
scientific enterprise, as it is presently conceived, is the lack of 
attention paid to the "generative act in scientific enquiry." He 


interpreted the generative act to be intuition. 


Thomas Kuhn's (1962) work demonstrates that the scientific 
enterprise has a logical structure but human factors influence the 
direction of science. Kuhn clearly demonstrates that the logical 
positivists' view of science being headed to an ultimate truth is a 
naive interpretation of the nature of science. Kuhn develops the 
position that scientific endeavours are heavily influenced by 


nonrational procedures. These endeavours have new theories associated 
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with them and if a new theory replaces a current theory, science is 
not necessarily seen as being closer to the truth. The possibility 
exists that science moves tangentially to the current position. 
Feyerabend (1975, p. 175) supports the nonrational position of science 
and his writings suggest a potential reason for the image of science 
that the public holds. According to Feyerabend critical rationalism 
arose from the attempt to solve Hume's problem of induction and to 
understand the Einsteinian revolution. In summary, critical 
rationalists take a falsificationist position seriously; argue for an 
increase in scientific content; avoid ad hoc hypotheses and attempt to 
be honest in all scientific endeavours. The combination of the 
philosophies of the critical rationalists and logical positivists 
gives an inaccurate account of science because science is much more 
chaotic and irrational than their reconstructed methodological image 
suggests. The researcher maintains that the view of biology that is 
presently taught in high school biology is a positivistic view which 
has been directly influenced by the philosophies of the critical 
rationalists and logical positivists. Biology is presented as being 
more rational and precise than it is. There is a dogma associated 
with the reconstructed methodological image that assumes biology 
automatically obeys, or ought to obey, the laws of logic (Popper, 
1972, p. 6). According to Feyerabend (1975, p. 257) this assertion is 
neither clear nor true. The assertion is not clear because there is 
not one specific form of logic that reveals the logical structure of 
various disciplines. He demonstrates that the assertion is false by 
offering scientific statements that violate simple logical rules. The 


idea that science can, and does follow a simple set of rules is 
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detrimental to the creative aspect referred to earlier. The idea that 
science follows a simple set of rules neglects the physical, 
historical and emotional conditions that generate scientific change 


and it makes science rigid and dogmatic. 


Until the publication of Kuhn's (1962) essay, objectivity and 
progress in science were interpreted by many individuals in a narrow 
manner. With his interpretation of science both objectivity and 
progress are viewed in a new perspective. The concept of objectivity 
now includes a realization that a scientist observing a phenomenon 
influences the phenomenon in some way. The scientist is demonstrating 
a bias merely by choosing to observe one thing and not another. The 
recognition of influence and bias makes the present interpretation of 
objectivity opposite to the original view. The concept of scientific 
progress is no longer interpreted as a series of cumulative exercises 
that lead closer and closer to the truth. The idea that science is an 
activity that gets closer to a goal set by nature is one that is 
strongly held by many individuals. Kuhn suggests this belief may 
exist because of the way science textbooks distort the history of 
science. Kuhn rationalizes this belief by indicating that the 
distortions occur because of pedagogic efficiency. Kuhn argues that 
textbook authors provide an interpretation of science history that 
agrees with the current mode of thought so that students are not 
required to master outmoded ideas. The effect of this manipulation of 
history is the impression of a linear, step by step accumulation of 
knowledge that results in students misinterpreting the scientific 
enterprise. Kuhn defends purposeful distortion of science history 


when he says "To fulfill their [textbooks'] function they need not 


cana asain oe Rae game | 

bas yPbvadaeiie sited v9ae ive 20 pbpt over , 

(i ivktoa ide ohégperieo ‘ete sesh deel 
vonmaaiians, 6 jettvamedo taiviekoiue 3 
acizanijegine ty sii el fe ‘S000 a atom 
ant satire oe Bc alt c.g acon sky 
to nokdedenquednt deammamy, okt anism okt bos sono Sat 30, 20 
oikisneioe, 40 since: “alae 1 ated tail: 


ney ie tall sentido stepnben 20 cxwond 1009 seglataih | 
sige (poiaid Sotsloe 20 cotandompresnt ce obivoxq anodtus Hooda 

son sas ayinliise gest 02 sdpwels 30 aber soca od athy Bees 

> eaten gg ton 0 RTI 


jon beba ysad nail {‘atoodixes] sted? [Li2fui of” ayse ad ced 


provide authentic information about the way in which those bases were 
first recognized and then braced by the profession. In the case of 
textbooks, at least, there are even good reasons why, in these 
Matters, they should by systematically misleading" (Kuhn, 1962, p. 
137). The good reasons Kuhn refers to, are related to preparing 
students to operate in the normal paradigm of science. He defends his 
argument by appealing to the reader's sense of the development of 
science. His appeal is based on the need for young scientists being 
trained in the normal paradigm in order that normal science be allowed 


to proceed. 


Sociology of biological knowledge 


This section of the dissertation outlines the customary 
sociological view of science and indicates why scientific knowledge 
was traditionally excluded from sociological analysis. The 
traditional correspondence view of knowledge is presented along with 
implications this view has for an individual's conception of the 
world. ‘The correspondence view of knowledge is contrasted by a 
cultural view of knowledge. An argument is made that biological 
knowledge is culturally based. 


A common conception of knowledge is one which represents it as a 
product of thought. A conception of this nature views knowledge as 
something achieved by a disinterested individual who perceives an 
aspect of reality and after contemplating it generates a verbal 


description which is accepted as knowledge. Such knowledge is 
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considered valid if it shows a correspondence between reality and an 


individual's perception of reality. 


A correspondence view presents knowledge as a product of 
isolated, disinterested individuals. It assumes individuals do not 
affect the connection between reality and its representations. An 
individual's perception of reality is independent of his interests, 
expectations and experiences. Knowledge is a function of reality 
itself and individuals generate it through contemplation. Since 
knowledge is free of man's influences it can be tested by an 
individual who is capable of comparing it with reality. The 
comparison can be made because the correspondence with reality is 
independent of the situation in which it was generated. Barnes (1977, 
p. 2) indicates the previous points are associated with knowledge 
because it is usually thought of in terms of a visual metaphor. In 
his words, "We talk of understanding as 'seeing', or ‘seeing clearly’; 
we are happy to talk of valid descriptions giving a ‘true picture’. 
Similarly we are able to characterize inadequate knowledge as 


‘coloured', 'distorted', 'blind to relevant facts', and so on." 


The correspondence view of knowledge is contrasted by a cultural 
view of knowledge. Barnes (p. 2) indicates knowledge is increasingly 
"being treated as essentially social, as part of the culture which is 
transmitted from generation to generation, and as something which is 
actively developed and modified in response to practical 
contingencies." A conception of socially derived knowledge indicates 
it is not produced by disinterested, passive individuals but by social 


groups involved in particular activities. Knowledge that results from 
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social groups is not seen as an object that mirrors reality; it is 
interpreted in relation to reality, the cultural context in which it 
developed, as well as the objectives and interests of the social 


group. 


As previously mentioned in Chapter II the classical study of the 
sociology of knowledge, as advanced by Mannheim, Scheler and Durkheim, 
excluded scientific knowledge. It was excluded because it was viewed 
as a special form of knowledge that was not influenced by culture. 
Mannheim's (1936, p. 3) book, Ideology and Utopia, presents the 
position that knowledge is socially derived. In his words, "the 
sociology of knowledge seeks to comprehend thought in the concrete 
setting of an historical-social situation out of which individually 
differentiated thought only very gradually emerges. Thus, it is not 
men in general who think, or even isolated individuals who do the 
thinking, but men in certain groups who have developed a particular 
style of thought in an endless series of responses to certain typical 


Situations characterizing their common position." 


According to Mannheim (pp. 164-166) natural science and 
mathematics are examples of exact modes of thinking and they do not 
bear the marks of the context of their production. Natural science 
and mathematics are not perceived as socially constructed because they 
are assessed according to their correspondence with reality. Mannheim 
considered them the preferable form of knowledge because he perceived 
them as value-free. To Mannheim socially constructed knowledge is 


context dependent and it is inadequate when compared to formalized 


knowledge. 
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Barnes (1972, pp. 3-10) demonstrates that Mannheim's treatment of 
context-dependent knowledge is inconsistent. Mannheim's treatment is 
inconsistent because he argues that context-dependent knowledge cannot 
be assessed in contemplative terms but he develops an argument which 
implies the opposite. Barnes states some of the inconsistencies arose 
because Ideology and Utopia was a collection of essays written at 
different times. Although Mannheim rejected knowledge formation on a 
correspondence basis his work is largely based on this style of 


thought. 


Many sociologists have felt that a special kind of knowledge 
exists in the natural sciences and it is intelligible only in 
contemplative terms. A point often ignored in this conception of 
scientific knowledge is that knowledge is assessed by technical 
procedures that are institutionalized or culturally based. The 
recognition of a cultural basis shifts scientific knowledge from a 
specialized position and considers it part of knowledge with a social 


dimension. 


In 1945 Robert Merton was one of the first individuals to 
recognize a social dimension in scientific knowledge and he subjected 
it to an analysis (Barnes, 1972, p. 9). Merton's analysis was 
functionally based and subsequent research in this line addressed 
practical questions of how to maximize productivity of scientists, how 
to achieve the most effective laboratory organization and how to 
establish criteria for distributing research funds. The functionalist 


approach dominated research in the sociology of science for the next 
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fifteen years. In the 1960's a shift is noted in sociology of science 
articles. For example, Mulkay (1969) argues scientific developments 
are influenced by cultural factors. He cites the case of Immanuel 
Velikovsky to illustrate a rigidity in the intellectual commitment of 
scientists when confronted with threatening innovations. Mulkay bases 
his analysis on the socialization process that takes place as an 
individual becomes a research scientist. Mulkay's theoretical 
position is influenced by Thomas Kuhn's (1962) work, The Structure of 
Scientific Revolutions. Kuhn maintains that technical paradigms of 
procedure and interpretation are maintained within branches of science 
and they provide the basis for practice and evaluation of research. 

He further argues an open rational mind is not the best instrument for 
recognizing scientific truths; instead an elaborate conceptual and 
procedural framework is necessary. The significance of Kuhn's essay 
to the sociology of science is that it points to social factors in 
science and suggests the possibility of studying science from a 


sociological approach. 


An outgrowth of the sociological approach was studies that 
examined cultural factors to determine if they influenced the 
development of scientific knowledge. Sociologists of science began 
asking questions such as: what is it that guides the research of a 
speciality?; what makes science a social phenomenon?; what determines 
the rate of cultural change in science?, and other related questions 


(Bodington, 1978). 
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Interpretation of classroom talk 


The section on interpreting classroom talk provides a rationale 
for examining communications that occur in classrooms. The literature 
suggests that elements of teaching and learning are reflected in 
communication between classroom participants. The properties of 
teaching and learning are socially based and in order to understand 
them it is necessary to examine the production or talk of the social 


interactions of teachers and students. 


An obvious characteristic of a classroom is the amount of talking 
that takes place. The majority of teachers' and students’ classroom 
time is spent in verbal communication. Whether the communication is 
in a large group setting or on an individual basis the predominant 
talk occurs as a public performance. One assumption that is made 
about a teacher's public performance is that a lesson usually involves 
verbal expositions of facts and skills. An image of a manner of 
teaching is associated with the previous assumption. The image is one 
of a teacher using communication procedures to obtain information from 
class members; the teacher then elaborates on pertinent points, 
summarizes and finally provides a synthesis. The assumption and its 
associated image demonstrate that distinctive features of commonplace 


settings are not noticed nor are they questioned. 


A form of research called interaction analysis was developed to 
obtain a better understanding of what teaching is and what occurs in 
classrooms. Researchers involved in interaction analysis extracted 


essential qualities from verbal communications and categorized them 
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according to a coding system. The coding systems were developed to 
make sense of the data and trained observers recorded their judgements 
about the significance of the observed communication acts. The 
reliability of such category systems was high but the validity of the 
data was low (Furlong and Edwards, 1977, pp. 122-123). The difficulty 
of interaction analysis research was that predetermined categories 
were imposed upon the observations and the data that were collected. 
Predetermined categories are grounded in a theoretical position and 
because researchers rarely state their theoretical position in any 


detail it is impossible to evaluate the validity of their studies. 


Furlong and Edwards (1977) and Heyman (1981) suggest an 
alternative to interaction analysis research. They suggest a form of 
ethnographic research involving a sociolinguistic perspective be 
considered when classroom communication is studied. A sociolinguistic 
perspective is one in which language is studied to reveal how it is 
organized and how social relationships are reconstructed 
linguistically (Furlong and Edwards, 1977, p. 125). A basic premise 
of a sociolinguistic perspective is that an individual's patterns of 
choice are revealed by the individual including situational features 
in their linguistic description. Rules of appropriate usage exist in 
a society and the rules determine what can be properly said. Speakers 
are aware of these rules and they use their knowledge to maintain or 
challenge a definition of a situation. Situations are maintained or 
challenged through 'marked' or 'unmarked' usage. Furlong and Edwards 
state 'unmarked' usage of communication is what is normal for a 
Situation, while 'marked' usage breaks the rules in significant ways. 


Heyman's (1981, pp. 451, 461) position is the study of any aspect 
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of education must include an examination of participant's talk because 
the "facts of education are constituted through people's talk." He 
argues the practice of talk produces a social reality because the 
properties and use of talk generate social phenomena as well as 
creating a world in which the existence of social phenomena becomes 
possible. The meaning of talk is dependent on the context of its use 
but it also creates the context of its use. The reciprocal nature of 
talk and its context means people's talk reveals aspects of their 


objective world as well as meanings of that world. 


The sociolinguistic approach is operating on the basis that 
analysis of communication uncovers social meaning. An individual's 
knowledge of grammar allows him to establish the grammatical meaning 
of a statement and correspondingly his knowledge of a ‘social grammar' 
allows him to establish the social meaning of a statement. What a 
speaker means may depend on who he is, when and where he is speaking 
and his relationship to the listener. Meaning is determined on at 
least three levels in any communication. The first level is the 
dictionary meaning of the words. The second level is the syntax or 
grammatical arrangement of the words. The third level is the 
relationship of the speaker and the listener. To uncover the meaning 
of a situation communication needs to be examined on a variety of 


levels. 


In The Language of Teaching, Edwards and Furlong (1978, p. 11) 
state verbal communication is the main means of transmitting knowledge 


in classrooms and the verbal encounters that occur are of a 
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distinctive kind. They maintain it is impossible to separate the 
organization of classroom communication from the management of 
classroom meanings. Their argument is based on the observation that a 
central communication system is in evidence in classrooms and it is 
structured so a single speaker addresses a large group the majority of 
the time. Generally, private communications are of a short duration 


and typically within small groups. 


Kliebard (1966) analyzed classroom communication on the basis of 
a game in which basic moves are available to the players. Edwards and 
Furlong continued with Kliebard's analogy but eventually the analogy 
breaks down. ‘The breakdown creates difficult questions about what 
verbal statements are considered significant and why they are 
considered so. Despite this limitation categories of communication 
metastatements were identified. A communication metastatement is a 
statement about talk. For example, when a teacher poses the question, 
‘Are you getting the message?' it is a statement about a communication 
that previously occurred (Stubbs, 1976, p.83). Categories of 
metastatements include attracting attention, controlling the amount 
and distribution of talk, defining, specifying a topic, checking or 
confirming understanding, editing or correcting what is said, and 
summarizing (Stubbs and Delamont, 1976, pp. 159-164). Edwards and 
Furlong (pp. 24-38, 103-121) indicate that meanings associated with 
classroom interactions are uncovered when questions about the social 
structure are examined in terms of communication metastatements. They 
suggest questions concerning formality and social distance, manner of 
teaching and the management of classroom questions and answers reveal 


information concerning the transmission of knowledge. 
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CHAPTER IV 


PARTICIPANTS' CONCEPTIONS OF BIOLOGY AND BIOLOGICAL KNOWLEDGE 


Introduction 


Chapter IV of the dissertation deals with the analysis of the 
participants’ conceptions of biology and biological knowledge. The 
first section of the chapter outlines four premises on which the 
analytical scheme is based. The second section presents the 
analytical scheme in conjunction with the two papers and the three 
assumptions which provide a foundation for it. The third section is an 
analysis of the three teachers' conceptions of biology as a discipline 
and biological knowledge. An effort is made to relate the teachers' 
conceptions to possible implications such conceptions have for the way 
students view biology and biological knowledge. Finally, the fourth 
section deals with conceptions of biology and biological knowledge as 
held by thirteen students. The analyses are done on the basis of 
groups of students. The students are grouped according to the 
philosophy of biology that they most frequently exhibited during the 


informal discussions. 


Premises of the analytical scheme 


The analytical scheme that is employed in the analysis of the 


participants' conceptions is founded on the principles of the 


sociology of knowledge, hermeneutics, sociology of science and 
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sociolinguistics. The first premise of the analytical scheme is that 
knowledge and social structure are related in such a way that they 
influence each other. The term social structure reflects Schutz's 
conception of the common sense world in which individuals establish 
meaning by interpreting experiences. Experiences are interpreted in 
the Schutzian sense as that which forms the world's history, personal 
SS of that world, and interpretations of the world passed to 
us by other individuals. Teachers and students establish meanings for 
a selected area of their common sense world because they are involved 
in the social structure of their world. The participants establish 
meanings by creating classes with common characteristics. They typify 
and interpret actions of each other through communication. The 
participants are members of an in-group; therefore, a system of 
knowledge is common and meanings that are being developed are taken- 
for-granted. The meanings contribute to an individual's stock of 
knowledge which later provides the means for interpreting future 


experiences. 


The second premise associated with the analytical scheme is 
included in the concept of hermeneutics. An interpretation of the 
participants' talk becomes possible because Gadamer's hermeneutical 
theory offers a clarification of the understanding of a text. The 
process of interpretation involves the analysis of meaning shared 
through communication. The analysis scheme does not attempt to 
reconstruct the authors' meanings and then interpret or explain them. 
Tne analysis scheme examines the meaning the text has for the 


researcher and it discloses the text's inherent meaning. 
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The third premise of the analytical scheme is that biological 
knowledge is socially constructed; therefore, it is subject to 
analysis by the sociology of knowledge. This point is raised because 
the traditional view of sociology of knowledge excludes scientific 
knowledge from analysis. Recent studies demonstrate that biological 
knowledge is influenced by cultural factors and this form of 
scientific knowledge is subject to sociological analysis. This means 
the points raised in the first premise of this section apply to 
biological knowledge and an analysis of the participants' conceptions 
of biology and biological knowledge is possible. 


The fourth premise associated with the analytical scheme is 
included in the concept of sociolinguistics. The notion is that 
individuals' meanings of the common sense world are reconstructed 
linguistically and they are revealed in linguistic description. An 
inference that is made on the basis of this premise is that an 
individual's knowledge of a social grammar allows him to establish the 
meaning of a statement in a social context. Hence, a study of a 
variety of the participants’ talk reveals their conceptions of biology 
aS a discipline and biological knowledge. It is the researcher's 
knowledge of a social grammar in biology classrooms that permits him 
to establish the participants’ intended meanings. A connection exists 
between the second premise and the fourth premise, the concept of 
sociolinguistics. The connection is the intended meanings that are 
revealed through sociolinguistics are interpreted in terms of the 


participants' conceptions of biology and biological knowledge. 
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Analytical scheme 


The analytical scheme that is used to examine the constitutive 
elements of the participants’ conceptions is based on papers by Esland 
(1971) and Werner (1978). Esland's paper addresses the issue of 
explaining classroom interactions and examining the selection as well 
as the transmission of knowledge in light of alternative sociological 
theories. Esland makes the point, that at the time of his writing, 
the perspective of researchers in the sociology of education was 
primarily neo-positivistic. The term neo-positivism is defined as a 
view of man in which man is considered a dehumanized, passive object. 
Sociologists tended to view man in terms of roles in organizational 
structures. Esland (p. 71) states the neo-positivistic view has its 
origins in the works of Francis Bacon, Locke and Kant in which man was 
viewed as a completely rational, knowing subject separated from his 
social context. Associated with the separation of man's conception of 
the world and his social context was the idea that theoretical 
concerns were uninfluenced by situations which gave rise to the 
theories. The neo-positivistic view is directly associated with the 
correspondence theory of knowledge that was discussed in Chapter III. 
According to the neo-positivisitic view a detached individual 
perceives reality and because of his rationality his description of 
the natural world is considered knowledge. There is a direct 
correspondence between the individual's description of the natural 
world and reality itself. According to Esland the theory of knowledge 
that is associated with the neo-positivistic view has become the 


scientific epistemology. 
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In contrast to the neo-positivistic view of the world and its 
associated epistemology, Esland places his study and the research it 
suggests within a dialectic epistemology. According to Esland (p. 71) 
a dialectic epistemology is based on a view of knowledge which is 
socially constructed. Esland contends previous research accepted 
teaching and learning in terms of roles. The intentions, ways of 
knowing, and knowledge associated with these roles were either ignored 
or classified under beliefs or values where they were accepted without 
question. His point is that intentions, ways of knowing, and 
knowledge are common everyday concerns of teaching and learning. He 
maintains such points should be questioned and examined. In order to 
question these normally unquestioned aspects of teaching and learning, 
Esland assumes all teachers have a subject and a pedagogic perspective 
that are exhibited in their vocabularies, rationales and theories of 
knowledge which support their control of students, view of knowledge 
and preference system for evaluating learning. The observable 
attribute that reflects a teacher's subject and pedagogic perspectives 
is the manner of teaching. According to Esland, examining a teacher's 
teaching style will reveal his pedagogic, subject and career 
perspectives. In terms of this study these three perspectives 
represent the teacher's categories of thought through which he makes 
sense of the teaching and learning process. Esland maintains that 
asking questions about the pedagogic, subject and career perspectives 
reveals implicit theories of knowledge, why certain knowledge is 
taught and professional constraints on the teacher's understanding of 


his work. 


The second paper that influenced the analytical scheme was that 
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of Werner (1978). Although he was concerned with evaluation of 
educational programs, suggestions he made are applicable to the 
present study. He examined the evaluation of school programs from the 
three perspectives of ends-means, situational and critical sense- 
making. The perspectives reflect the Habermasian orientations 


referred to in Chapter III. 


Within each perspective Werner suggested a series of questions 
that could be asked concerning the implied view of programs, worth of 
programs and social relations of individuals involved in the programs. 
The questions contained within the critical sense-making perspective 
attempted to disclose perspectives underlying programs, social 
relations maintained and legitimized through perspectives, sources of 
the perspectives, the control function of the perspectives, and 


arguments/criteria/standards for changing these perspectives. 


The analytical scheme is based on three assumptions. The first 
assumption is that a teacher develops an epistemological position 
which is interpreted by the researcher to be a system of conceptual 
relations concerning knowledge. The second assumption is that a 
teacher's interpretation of a discipline is related to his 
epistemological position. The third assumption is that a teacher does 
not present the material of a subject unaltered; his interpretations 
of knowledge are reflected in lesson presentations. Consequently, 
when students are taught a subject they receive a particular viewpoint 


of knowledge and of a discipline. 
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Prior to consulting either paper by Esland or Werner the 
researcher transcribed the lessons of teacher "A", the informal 
discussions of teachers "A", "C", and "D", plus the informal 
discussions of the eighteen student volunteers. The transcriptions of 
teacher "A"'s lessons and informal discussion were examined for 
prominent themes. On the basis of the transcription plus classroom 
observations, the researcher noticed comments which referred to a 
central lesson theme, the manner in which the teacher controlled 
classroom communication, a view of biology as a subject, and reasons 
for the knowledge that was presented. It was noted that very few 
student-initiated questions were asked. After the themes were noticed 
Esland's paper was consulted and a theoretical basis for an analytical 


scheme was developed. 


According to Esland (1971, pp. 83-104) a method of examining the 
teacher's epistemological position is to study the teacher's 
perspectives. Esland states the perspectives contain inferential 
structures of public cnewlede and as a result an analysis can be made 
of a teacher's epistemological position. In terms of the present 
study questions were asked of the pedagogical and subject perspectives 
because they are directly related to conceptions of biology as a 
discipline and biological knowledge. Questions concerning the career 
perspective were not asked as the dissertation is not directly 
concerned with professional constraints on the teacher's understanding 


of his work. 


Esianda's model was moditied as some ot the questions dealt with 


issues of the distribution of 'good' and 'bad' students, assumptions 
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about social class and its relation to learning, as well as the 
influence of chronological age on learning. Questions such as the 
previous examples are not seen as directly contributing to the 
teachers' nor the students’ conceptions as studied in this 
dissertation. Consequently, they are not included in the analytical 


scheme. 


The scheme consists of a series of guiding questions that are 
asked of the pedagogic and subject perspectives. In terms of this 
study the term "guiding question" refers to a focus which permits the 
researcher to examine the two perspectives. The guiding questions 


ares 


1. Pedagogic perspective 
(a) What is the theme around which the teaching takes place? 
(b) What is the prevalent mode of teaching that occurs in the 
classroom? 


(c) What is the interest in the communication process? 


2. Subject perspective 
(a) What, according to the teacher's definition, constitutes 
biology as an area of study? 
(b) What is the rationale for the teacher's knowledge? 
(c) How is the teacher's view of high school biology reflected 


in the lesson material? 


The guiding questions provide a focus by which the lesson 


presentations, informal teacher discussions, and classroom 
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observations were examined and then interpreted. An interpretation is 
made by considering the questions Werner (1978, p. 19) raised in his 
examination of critical interpretation. Specifically, the questions 


considered are: 


1. Perspectives 
(a) What are the underlying intents? 
(b) What are the underlying assumptions? 


(c) What are the underlying approaches? 


2. Social relations within perspectives 
(a) What teaching relations are implied? 


(b) What views of students are implied? 


3. Control function of perspectives 
(a) What knowledge is selected and neglected? 


(b) Who has the power to control? 


Analysis and interpretation 


The following analysis and interpretation takes place in two 
sections. The first section deals with the transcriptions of the 
teachers' lessons and informal discussions as well as observations 
made during the study. The presentation of material follows the order 
of the guiding questions in the analytical scheme. An individual 
analysis and interpretation is made for each teacher and then a 


synthesis of the major points of each section of the analytical scheme 


is offered. ‘The second section deals with the transcriptions or the 
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students' informal discussions. The students' analyses and 
interpretations are broadly grouped according to the dominant 
philosophical position of biology that is reflected in the 
discussions. The interpretations of the students’ conceptions of 
biological knowledge and biology are found in Appendix G The 
students’ conceptions are discussed according to the philosophical 


groupings. 


Each of the teachers’ analyses and interpretations is based on a 
transcript of classroom lessons, an informal discussion as well as 
observations made during the presentation of lessons. Owing to the 
massive amount of material transcribed, a complete transcription is 
not included in the appendices. A complete lesson transcript for one 
class of each teacher is found in Appendix D and a complete transcript 
for the informal discussion for teacher "A" is found in Appendix E. A 
complete transcription for the informal discussion for one student is 
found in Appendix F. The following symbols are included in the 


analyses and interpretations as well as the three appendices: 


--- indecipherable statement 

«.. conversation fades to a stop 
{[] overlap of speakers 

A: teacher "A" 

B: researcher 

C: teacher "C" 

D: teacher "D" 


Student (s) unidentified student (s) 
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Jim: identified student 


A. Analyses of teacher interpretations 


TEACHER "A" 


ue Pedagogic perspective 


(a) What is the theme around which the teaching takes place? 

By focusing on the first guiding question, the transcript of 
teacher "A"'s lessons and informal discussion was examined for the 
theme. According to the teacher's introductory statements, the theme 
was to be “autotrophic nutrition." In examining the transcript the 
topic of photosynthesis became the surface theme and the importance of 
autotrophic nutrition was reduced. Within the theme of photosynthesis 
an underlying theme was observed. The lessons stressed the idea that 
photosynthesis is the basic process of biology and it is the source of 
energy for all living organisms. The teacher stated that without 
photosynthetic organisms, life would not be possible. The general 
pattern of talk that reinforces this underlying theme is illustrated 


as follows: 


A: ... And so we say the green plant is the bridge for us 
between sunlight and our own energy needs. You want to look 
at the green plant then, you can simply say that its role, 
one of its roles, is to convert one energy form into another. 
That's pretty well what we mean by sort of packaging food. 

It doesn't create energy, it simply converts it. It's an 
energy conversion organism. And the amazing thing is that as 
far as the ecosystem is concerned the green plant is the only 
organism that has the enzyme equipment or the pigment 
machinery to make this conversion from light to chemical 
energy. And that's what we'd like to stress. That's a very 
unique or special ability. ... 
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eee What I'm saying, we as urbanites really don't come to 
grips with the significance of the green plants. We think we 
go to Safeways or Woodwards for our food. We're really going 
to the garden, to the field, to where the green plants are. 
We are relying on them very much to do this for us. ... 

-. What we're trying to say is the whole life system on 
earth depends on this ability of plants to make chemical 
energy packages from light. ... 


The preceding three excerpts are contained in a monologue that 
arose from teacher "A" declaring that a generalization about 
"autotrophs, or green plants" would be made. The material leading to 
this generalization was presented to establish elementary biochemical 
differences between autotrophic and heterotrophic organisms. This was 
accomplished by the teacher introducing the material to be discussed 
which was then developed through a series of leading questions. 
Students' answers were assessed, clarified and elaborated so that the 
lesson had a direction considered appropriate by the teacher. On the 
basis of the teacher's material an appropriate generalization would be 
a summary statement concerning the characteristics of autotrophic 
organisms. What was offered by teacher "A" was a statement which 
reformed and refined the presentation for the students rather than 
summarizing the essential differences between the two types of 
organisms. Within the teacher's comments were references to the 


surface theme which was referred to earlier. 


The teacher's introductory remarks include the idea that general 
concepts of autotrophic nutrition are important because they provide a 
connection between present and past knowledge. Statements of this 


nature are interpreted to mean that the the teacner is attempting to 


provide a generalized view of major biological concepts so that 
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students perceive a comprehensive picture of the subject. Although 
general concepts were stressed, it becomes evident that specific 
information is what was presented to students. The statement, "We've 
done the, sorta the, introduction, like laying the ground work. And 
now we're goin' to focus on procurement, that's really what we're 
after as students", demonstrates that despite previous recognition of 
the importance of generalized concepts the significant material 
consists of precise information. In this instance the precise 
information consisted of telling students that carbon dioxide and 
water are the raw materials for photosynthesis and that specific 
structures within the plant are responsible for obtaining these 
materials from the environment. Further evidence of the stress that 
is placed on precise information is found where teacher "A" told 
students that particular points should be included in their notes. 
For example, "So put in your notes this way then. A low carbon 
dioxide opens the stoma. We already said that. And the pH would be, 
what? Going up or down? If the carbon dioxide is declining are you 


getting more or less acid? Norm?" 


At this point it may be concluded that the importance of the 
stated theme is reduced and a surface theme becomes stressed. A 
secondary point is related to this conclusion, The teacher's 
statements indicate that the stated theme and its related concepts are 
of major importance but observations show specific information is 


stressed in classroom presentations. 
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(b) What is the prevalent mode of teaching that occurs in the 
classroom? 


With respect to the second guiding question it was observed that 
the predominant teaching strategy was that of recitation. This term 
refers to the presentation of material by exposition interrupted by 
questions (Edwards and Furlong, 1978, p. 27). Patterns emerge when 
sections of the transcript are analyzed for recitation. The following 
exchange, beginning with a student's response to the question of what 
molecule other than protein is not produced by Calvin's cl4 flow 
chart, demonstrates a questioning pattern that is consistent with 


transcripts of previous and future lessons. 


Student: Lipids. 


A: Lipids. The cuticle. We're not goin' to study how the plant 
makes its lipids. That would be another topic. All we're 
doing here is suggesting how a plant makes what category of 
foods? Carbohydrates. We'll ignore how it makes its 
vitamins, how it makes its proteins, how it makes its lipids. 
Can a plant make all these things if it's an autotroph? [25s 
pl] Ya, it doesn't have ---, it makes them all. We'd like 
you to say this, we can say this is sort of the foundation. 
Once it has its organic carbon and once it has its 
carbohydrate then it isn't quite so hard to package the other 
things. Because the main thing that's in this carbohydrate 
package that's really hard to capture is what? [3s pl] If 
you can answer that question you can sort of see the 
Significance of the process. I'll repeat the question. The 
main things, I'm not sure if that's the right word, the main 
item that's in these carbohydrate packages that is hardest to 
acquire from the environment, is what? [5s p] What's been 
packaged here? [3s p] Anybody tell me? [2s p] Well, 
I'll give you aclue. It's carried in, in that form. What's 
been packaged? [4s p] Oh, I'm discouraged. You lost the 
main point in the details. Remember that old cliche, you 
can't see the forest for the trees. Well that's what's 
happened here. What is it Laurel? [1s p] What's been 
packaged that's very hard to package? [1s pl 


Laurel: Energy. 
A: Energye ‘That's what it's ali about. And once the energy is 


packaged then the rest of it is sort of easy. So we've 
called these green plants what kind of packagers? [25 p] 
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Linda? 


Linda: I don't know. 


A: They're not ordinary autotrophs. They're using what to 
package, in making their food? [1s p] 
A: The question isn't clear. Green plants are autotrophs, true 


enough. But what kind? [2s p] Preface that with another 
word. We said they are what? [2s p] They are photo- [3 s 
pl] synthetic autotrophs. They are packaging light energy. 
That's the thing we mustn't lose sight of. ... 


In the previous exchange the pattern begins with a student's 
response of "lipids" which the teacher repeats. The answer is then 
elaborated and modified so that the next question arises from the 
student's response. The pattern takes the form of a teacher 
introducing the topic and developing a series of directed questions. 
Through the use of directed questions the teacher controls the 
direction and content of the exchanges as well as students' responses. 
A convergent questioning style is being used in which a particular 
issue is focused upon. Because the focus is a specific phrase or word 
that describes an aspect of nature, each subsequent question becomes 
more exact. One outcome of this style of questioning is short, 
specific answers. On the basis of these observations a relationship 
between recitation and specific information is seen. The perceived 
relationship is that convergent questions encourage exact answers 


which students view as knowledge. 


Examination of the teacher's questions and the students’ replies 
suggests that recitation coupled with convergent questioning leads to 


specitic intormation being stressed at the expense or concepts. For 
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example, when the teacher indicated that he was discouraged because 
the students had forgotten the concept of "energy transfer" in 
autotrophic organisms, he attributed the students' lack of memory to 
paying too much attention to the biochemical details of carbohydrate 
production. The researcher contends this is not the case. Students 
have not forgotten the concept of energy transfer, they have placed it 
in a position of secondary importance in what they view as biological 
knowledge. The reason it is considered of less importance is that 
information is stressed in both the presentation of material and 
questioning sequences. The structure of the questions and responses 
of teacher "A" show that he knew the answer and was seeking a 
student's response that suited a particular direction. For example, 
when he asked the question, "Because the main thing that's in this 
carbohydrate package that's really hard to capture is what?", the 
answer was obvious, based on the context of the lesson. When this 
question did not elicit the desired answer of "energy", clues were 
provided which limited potential answers. In this example the phrases 
"hardest to acquire from the environment” and "in that form" refer to 
earlier instructional sequences where a direct link was made between 
visible light being an energy form that is found in the environment 
and the observation that green plants package energy in the form of 
carbohydrates. The responses of teacher "A" also show that he pre- 
established the answers and was seeking a particular response. In the 
case of Linda replying "I don't know" to the question, "So we've 
called these green plants what kind of packagers?", it is obvious that 
he wanted to hear "photosynthetic autotrophs" as the reply. When this 


reply was not heard he gave clues and Lrinaily treatea tne question as 
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rhetorical in order to continue. 


Another factor that leads to specific answers is the closed 
nature of the teacher's responses. As a consequence of the teacher 
predetermining acceptable answers, it is expected students will give 
short answers that match the teacher's framework. Answers of this 
type are also encouraged by the teacher elaborating specific points 
and directing the material to the next question. Each answer is 
normally followed by a comment, not necessarily on its correctness, 
but on its relevance to the issue at hand. The following excerpt 
shows how students' responses of "sunlight" and "food" support the 


lesson. 


A: ee. The chemical carrier for the energy that the plant 
captures has a three letter abbreviation. What would it be? 
[2s p] Laurel? 


Laurel: ==, 

A: Its initials spe Ya. 

Laurel : ar 

A: Not E.T. but ATP. We should have a bumper sticker. If E.T. 


warrants a bumper sticker, certainly this does. It is the 
energy chemical of life on earth. I'd like you to, or make 
notes, this is common to all living forms. Not just in 
plants. The unique thing in plants, however is they, the 
green plant, can make this chemical. Not by taking energy 
from food but by taking energy from what source? Ted? 


Ted: Sunlight. 


A: From light. And that's the unique part of it. You and I 
Iay make ATP also. We use it to run our muscles, to do all 
kinds of work in our bodies. But we have to make it from the 
energy that's already in chemical form. And the package of 
that energy we call? Bonnie? 


Bonnie: ---. 
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A: What do you call packages of energy you buy in Safeway and 
Woodwards? 

Bonnie: Food. 

A: Food, ya. We make our ATP from food. The plant makes its 
ATP from, initially at least, sunlight. And that's the 
difference in being an auto and hetero. O.K., well that's a 
very unique ability. For this, we said, not only does the 
plant need light but it needs something to carry or handle 
that light. And that light is first packaged or captured, I 
should say, by that very special molecule we call 
chlorophyll. And not just any chlorophyll, but what kind of 
chlorophyll? Bev? [7s p] We can distinguish one 
chlorophyll form another with symbols of the alphabet. Do 
you know your a, b, c's? 


Bev: It's chlorophyll a. 


It may be concluded that the prevalent teaching mode of teacher 
"A" is recitation. This manner of teaching encourages a convergent 
questioning style which results in students giving short, specific 


answers. 


(c) What is the interest in the communication process? 

The third guiding question raises the issue of how the teaching 
mode controls the communication process. The transcript reflects a 
teacher who controls lessons by directing questions and answers, and 
who had a specific set of short and long-term objectives in mind when 
a question was posed. A set of questions converged on a particular 
point and each subsequent answer became more specific until the 
objective was achieved. For example, each subtopic was introduced by 
the teacher who then developed particular points through leading 
questions. Once a particular answer or objective had been reached, 
the issues were elaborated and summarized so that continuity existed 


tor the lessons as a whole. As an example ot the control the teacher 
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had over the direction of a lesson, the following exchange is offered: 


Juanita: 


A: 


Juanita: 


Jean: 


Norms: 


ee. O.K., let's wind up this little demonstration. Ah, you 
have already in your notes a conclusion. I'd like you to 
write it down, based on our data ah, we've collected about 
geranium leaves and Coleus leaves ah, at least. What could 
you say, Juanita? [2s p] There's the problem, what would 
you say in response to that problem based on the data? 


Yes. 


Yes. I would not ah, be quite happy with that. You'd say 
the question is ... Is chlorophyll necessary for the 
production of starch in geranium leaves and you'd say yes. 
In Coleus leaves, yes. Now that is quite correct, but could 
you give me a sentence answer? Keep it positive now. [2s 
pl] Yes, chlorophyll is - , or you could just say chlorophyll 
1S se. 


Chlorophyll is necessary for the production of starch in 
geranium and Coleus leaves. 


O.K. I'd be a little more happy with that. Well, we're going 
to leave that then, significance of chlorophyll, ah for the 
moment and go to where is it kept? What part of the leaf 
holds the chlorophyll? Let's take a look at our equation, 
ah, once more for photosynthesis. What are the two raw 
materials the environment has to provide to make sugar or 
starch in the plant? Jean? [2s p] Is that your name? 


Ya. 


What are the two raw materials for making sugar or starch? 
What a plant needs. I have one on the board. What's another 
one? 


HO. 


HO. A plant has to obtain carbon dioxide from the air, 
water from the soil we said. And in the presence of light we 
said, or in the presence of energy and put together as 
starch, But we haven't just demonstrated only if the plant 
has what inside it? [2s p] Norm? [3s p] What traps 
light? 


Chlorophyll. 


Chlorophyll. So I'll add chlorophyll to my little summary 
and then I get starch and sugar or what we call 
carbohydrates, ah plus something we haven't really been 
focusing on very much, oxygen and we'll have some water. 
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For example, the teacher structured the questions so that students 
provide one-word answers. This is illustrated by the question "What 
are the two raw materials for making sugar? What a plant needs. I 
have one on the board. What's another one?" For Jean to provide the 
answer of H20, extended thought was unnecessary. She memorized two 
pieces of information from an earlier lesson and then repeated the 
name of the compound not provided by the teacher. The answer is then 


used by the teacher to achieve his next short-term objective. 


The previous exchange shows how the manner of teaching controls 
communication between a teacher and students. When questions and 
answers are examined, it is seen that the teacher accomplished at 
least two unstated goals. The first one is that of providing students 
with additional information, while the second is to check students' 
memories for particular information. As a result of the manner of 
teaching and its control over the communication process, the teacher's 
presentation of biology is perceived in a particular way. Typically, 
the teacher is seen as an expert who has command of a body of 
knowledge which is transmitted to those who do not know. The expert 
image is further enhanced by the practice of asking questions in such 
a way that it is obvious to students that the teacher has answers 
which he considers acceptable. By adopting an expert position the 
teacher places students in the position of being novices and as a 
result there is a distinct boundary between knowledge and ignorance. 
In this instance the expert is seen to possess knowledge in the form 
of specific information which is transmitted to students who are 


ignorant of biological information, processes and concepts (Stubbs, 
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1976, p. 100). An implication of an expert image is that students may 
interpret knowledge to be discrete pieces of information which are 
passed from one expert to another and finally they are taught in 
biology classes. The following excerpt from an discussion with a 


student from teacher "C"'s class illustrates this point: 


Bz Now you've used the word "knowledge." What does the word 
"knowledge" mean to you? 


Susan: Um, I guess it's just extra information that I know, that I 
can use. 


B; Can you give me an example of a piece of knowledge? 


Susan: A piece of knowledge is um, knowing the different blood types 
is knowledge. 


B: So if I was to say I was 
type O, for example, that would count as a piece of 
knowledge? Where has that knowledge come from? 

Susan: For me it came from Biology 20. 


B: It came from Biology 20. And what about the person who 
originally came across that piece of knowledge? 


Susan: They probably did it through experiments, discoveries. 


In this instance Susan equated knowledge with specific 
information that she termed fact. Upon further questioning it became 
clear that such facts, in her view, exist in reality in the same way 
physical objects exist and these facts are discovered by biologists 
just aS a previously unknown island is discovered by an explorer. To 
her, scientific experiments uncover facts and when a sufficient number 
of experiments are performed the facts are proven and incorporated 
into courses as biological knowledge. A second implication of the 
expert image is that students receive the impression that facts are 


discovered and proven by empiricism. This point is shown by comments 
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such as these: 


A: Little chloroplasts. What if I tore a leaf apart and spilled 
out those little chloroplasts, would one chloroplast make 
starch? [2s p] What do you think Juanita? 

Juanita: -—. 

A: Sure. You'd say sure. Well how would I 
prove it? And scientists have. They've ground up leaves, 
they've isolated chloroplasts they've bubbled carbon dioxide 


through with water and doubled the light and sure enough out 
comes sugar. 


The declarative phrase "And scientists have", carries the message that 
empirical experiments are a source of absolute proof for observations 
and, thus, if something is known with certainty, it is transmitted as 
knowledge from one expert to another. Also within this excerpt is a 
message that knowledge can be proven and it consists of pieces of 
information that exist outside individuals. In other words, knowledge 


is not a creation of people, it exists in reality. 


The observed teaching mode and its element of communication 
control result in biological knowledge being presented in a particular 
fashion. The manner of teaching lead the researcher to perceive 
biological knowledge presented as an item that exists in reality. In 
discussing this perception with teacher "A" he indicated that it is 
opposite to his personal belief. According to his view there is a 
"reality of nature and the scientific process provides one way of 
understanding this reality." The teacher expanded his view when he 


was asked if he taught the nature of science to biology classes. 
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I do, [make a specific point of dealing with the nature of 
science in biology classes] ah, for about two periods, one 
and a half to two periods at the beginning of the course and 
my thrust at that point is simply to say we are limited in 


Um, huh. 


what we can study in this course. Science is a limited way 
of knowing and secondly it does not produce truth. And those 
are sort of my two thrusts. Um, so if we run into ideas in 
this course that seem to be in conflict with some other ideas 
we have, the student has picked up along the way from a 
different way of knowing, it does not necessarily mean to say 
that what we're learning here is sort of ah, more or less 
true than what you've learned in some other area. Ina 
sense you can look at the world from different angles and see 
it from different perspectives and both are legitimate. 


Um, huh. 


And I'm trying to reduce the level of threat particularly 
keeping in mind those students in the class who come from, 
from ah, a world view greatly influenced by fundamentalist 
Christianity. 


Comments such as "you can look at the world from different angles 


and see it from different perspectives" shows that the teacher 


believes knowledge results from a variety of systems. To him, biology 


is only one way of obtaining knowledge. In the following excerpt he 


indicates that theology is also a source of knowledge. 


«. Some of these people [early biologists] were members of 
the cloth. I should say they were clergy. They were not 
scientists in the sense of totally employed, getting 
research grants from the government of their country, they 
weren't being sponsored, shall we say, by some big company to 
do research. They were not staff at universities in the 
faculties of science, they were doing science as a hobby. 
Why the clergy? Why did people in the church, as ministers, 
go tampering around with some of these questions? Anybody 
give me an idea on that? [3s p] 


I find that kind of intriguing because today some of us have 
the misconceived notion that religion and science are 
antagonistic. Tnat is they aon't get together very much, 
And we even see this in the form of debates. And we even see 
this happening at our [own] auditorium, and it will draw a 
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large crowd. I didn't see the record in the paper of last 
Thursday's meeting. Does anybody know? [2s p] Anybody 
there? Nobody went to hear a lecture on the Grand Canyon? 
Well, what we're saying is it used to, maybe it's not that 
anymore. I went to one and the auditorium was full. They 
bused people in from outside [the city] all around to hear 
this guy talk about issues of religion as he saw it. And 
here we find people in the church were doing what we would 
call, today, science. Can you give me an explanation why the 
two were quite comfortable. Yet doing this kind of 
questioning about nature along with your interests in 
theology. ... Well, on summarizing my --- suggesting that 
people in, dealing with theological issues find nature an 
area of support. They could go to nature and say isn't 
nature wonderful, isn't nature beautiful, doesn't it show 
tremendous design? And they would say that is certainly 
quite strong evidence for the existence of the subject of my 
other interest, God. And so to research nature, or to look 
into nature was supportive in those days of their belief or 
their faith system. ... 


In summary, the teacher's comments show that both biology and 
theology are presented as ways of knowing. His view presents biology 
aS one way of gaining knowledge. To him, the scientific process 
establishes a link between the reality of nature and the creation of 


knowledge by man. 


The third guiding question also examines the manner in which 
student-initiated queries are handled and the degree to which they are 
accepted as being logically admissible, or appropriate, to the present 
discussion. Upon studying the transcript it is seen that student- 
initiated questions are related to both communication control and the 
expert image. In the complete transcript the lack of student- 
initiated questions is notable. Five instances were found in which 
Students posed questions to establish or clarify their understanding 
of a particular point. In two of these instances the queries dealt 


with examination questions that had been recently graded or were 
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upcoming. Of the remaining three, two were stimulated by the teacher- 
directed discussion and the third instance was student-initiated. The 


first two instances are illustrated by this excerpt: 


A: eee And by the way, from your test I got the impression you 
don't understand the word pigment. You tended to confuse it 
with a plastid. You thought pigments and plastids were the 
same things. 

Student: Isn't a leucoplast a pigment or something like that? 

As You've illustrated my point very well. What is the meaning of 


the word pigment? Is it an animal? Or is it an organism? 
Is it part of a cell, like an organelle? ... 


The student's question was stimulated by the teacher-directed 
discussion and it was answered by referring to a dictionary definition 
which the teacher read to the class. Once again the teacher is seen 
aS an expert providing information. What is lacking is evidence that 
the student clarified the obvious confusion he has about anatomical 


structures of higher plants. 


The second examination oriented question also arose from a 
teacher-initiated discussion and the question was used for 
clarification of a previously used term. The teacher's reply enlarged 
upon his previous comments and reworded the material so that it was 
more specific. The remaining three instances show attempts by 
students to clarify their understanding of specific issues. For 
example, this sequence developed when students were examining 
photomicrographs of water- and food-carrying structures in plant 


stems: 
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A: -.. There isn't a variety of cell sizing. Quite uniform, it 
really makes the wood really quite nice. 


Student: Is this from a pine? 


A: This is a pine. I'm going to introduce some matching terms 
here. These cells in the xylen... 


From the transcript it is apparent the student established 
relationships between previous statements and the photomicrograph that 
the class was examining. It is also apparent that the meaning of his 
question was either ignored or not understood by the teacher. As a 
consequence the equivalent of a one-word answer was given and then the 
teacher carried on with what appears to be a predetermined course. 
The other two student-initiated questions were treated in a similar 


way. 


On the basis of the previous examples it is seen that student- 
initiated queries receive little emphasis and, despite being directly 
related to issues being discussed, they are treated as inappropriate. 
This conclusion is based on the manner in which the questions are 
answered. An outgrowth of the manner in which students’ questions are 
handled is the perception that such questions are not an important 
part of the learning process. This may partially explain why so few 
students asked questions. A further implication of the lack of 
student-initiated questions is that students do not perceive 
themselves as being able to add significantly to issues being 
discussed. Students are passively receiving information instead of 


being actively involved in developing their understanding of biology. 


The observations concerning student-initiated questions appear to 
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contribute meanings similar to those previously discussed as to how 
biological knowledge is perceived and presented by the teacher. The 
Manner in which student-initiated questions are handled provides 
another reminder that the teacher's purpose is to transmit information 
and the students’ purpose is to receive it. Also the short, clipped 
answers indicate that knowledge is not subject to interpretation; 
instead correct, specific answers exist and to obtain an answer, all a 
student has to do is ask the teacher. The teacher's personal view is 
that knowledge is open to interpretation but the use of a convergent 
teaching style, that has a strong element of communication control, 
leaves the opposite impression. In the case of classroom observations 
the researcher received the impression that biological knowledge is 
exact and not subject to interpretation. Because of this impression 
the teacher is seen as an individual who transmits knowledge instead 
of a person who assists students in interpreting knowledge. The 


impression adds further to the expert-novice separation that was noted 


earlier. 
2. Subject Perspective 
(a) What, according to the teacher's definition, constitutes biology 


aS an area of study? 

The first guiding question of this section examines the teacher's 
definition of biology as an area of study. In this analysis the 
teacher's subject perspective is interpreted to be the predominant 
view of school biology that provides a focus for the material 
presented. When the lesson transcripts are examined, the structured 


arrangement of the subject matter becomes evident. The primary 
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arrangement of the subject matter is conceptual in that it consists of 
a system of ideas. The organization of the material is on the basis 
of photosynthetic biochemical relationships. A secondary arrangement 
of the subject matter is also evident. The teacher's presentations 
stress the biochemistry of photosynthesis but they also combine it 
with the history of biology. These features are combined by 
presenting significant historical experiments so that biochemical 
concepts are illustrated. Besides presenting the biochemical 
concepts, the historical organization reinforces the idea that 
biological knowledge is gradually becoming more complex. The idea of 
complexity is achieved by indicating that as more experiments were 
done, they became more sophisticated and the ideas became more 
difficult to understand. For example, van Helmont's experiment is 
presented as being very simple whereas Calvin's work is portrayed as 


complicated and difficult to understand. 


The previous observations are supported by the teacher's comments 


as evidenced by the following discussion. 


B: Ah, now something that you have done, ah, in the class that I 
noticed was you made a specific point of teaching the history 
of biology as you went through that section. And do you 
normally make a practice of doing that? 


As I would say that on this topic I normally do. 
Bs Um, huh. 
A: And on this particular topic, for some reason I emphasize it 


more than other topics. Ah, because the book presents quite 
a few men in the treatment of the subject and secondly I 
guess I find it an opportunity to see progression more 
clearly than in some other fields. Maybe just because I'm 
aware of it. But ah, you can see how ideas grow. Starting 
quite early and ah, and how they progress and become more and 
more complex and more complicated. And how the level of 
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experimentation then becomes more complex as time passes. I 
think it is an opportunity to point that out. Whether the 
students get that I don't know, but I definitely was trying 
to say O.K., the first questions that were asked and the way 
they were answered was certainly different than the questions 
being asked now and the way they're being sought now. 


B: Um, huh. 
A: Starting off with simply growing plants versus radioactive 
tracing. 


On the basis of these observations it can be said that the teacher's 
subject perspective is a conceptual arrangement of relationships that 
is taught by initially presenting relatively simple concepts which are 
gradually expanded. The initial concepts are used as a foundation and 
subsequent points are presented in greater detail until the teacher's 
understanding is discussed. The impression of a conceptual 
arrangement, which gradually becomes more complex, is illustrated by 
phrases such as "I find it an opportunity to see progression more 
clearly", "see how ideas grow" and "how they progress and become more 
and more complex and more complicated." These comments demonstrate a 
view of biology that moves from the simple to the complex. In order 
that the teacher's subject perspective is more easily understood it is 
important to examine the rationale that governs the presentation of 


biological knowledge. 


(b) What is the rationale for the teacher's knowledge? 
Observations related to the rationale of why particular knowledge 
is presented leads to the inference that the teacher's view of biology 
is strongly influenced by empiricism. This term refers to the idea 
that reliable inferences are generated through a scientific method 


that is based on observations and controlled experiments. Further, 
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the probability of scientific knowledge is demonstrated by the 
principle of induction (Radnitzky and Andersson, 1978, p. 23). Since 
the teacher's view of biology is empirically based, his presentation 
of school biology relies on data obtained from observations or 
controlled experiments. During a validation discussion the teacher 
indicated that he was in agreement with this inference because his 
conception of the biological method follows the presentation of the 
scientific method provided by Arms and Camp (1979, p. 3). With an 
empirical point of view the teacher considers knowledge that is 
derived from the scientific method as being more reliable than 
knowledge which has ideational, or theoretical, origins. Since the 
teacher holds an empirical point of view, it is expected that his 
presentation of school biology will reflect this view. In the 
following example the influence of empiricism on a lesson is seen. In 
this example the teacher presented students with information about 
leaf structures that are involved in the movement of carbon dioxide 


from the atmosphere into a leaf. 


A: We would investigate now, is, how can a plant breathe 
but at the same time stay wet inside? Well I'd like you to 
carry out this exercise now, on your own and what I want 
handed in, in twenty-five minutes are two hypotheses. They 
are indicated, one, you only have to prepare... [one copy per 
lab group]. 


Just to review what we've done. I was expecting that 
you'd make some observations. You were to observe what 
the plant uses for breathing. That is, you were to see 
pores and the guard cells accompanying them, which are 
involved in gas exchange in the plants. We can call 
these bits of information that you were picking out, 
data I guess. Or you can call them facts, if you were 
thinking of, of again bits of information. Now we are 
trying to work out an explanation for how a plant 
regulates its gas exchange. How it opens and closes 
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those pores we saw. So from our observations we're 
trying to draw some tentative explanation. And this is 
what you were expected to write down. ... 


From the post-laboratory lesson it is apparent that the intent 
was to have students generate hypotheses but specific observations 
were discussed instead. In the first validation discussion teacher 
"A" indicated that he changed the focus of the lesson from hypothesis 
formation to an explanation but he did not inform the students of the 
change in focus. The teacher is aware of the differences between a 
hypothesis and an explanation but his lesson did not convey this 
distinction to the students. Because of this oversight, the lesson 
makes a direct connection between observations and causal explanations 
by stating that observations and facts are identical and then implying 
that facts are used to form explanations. In terms of knowledge 
formation there are several messages contained within this material 
that observers perceive. Perhaps the most important is that an 
empirical method provides facts which cannot be disputed and they are 


used to form causal explanations. 


(c) How is the teacher's view of high school biology reflected in 
the lesson material? 


The last guiding question raises the point of whether the 
teacher's view of biology influences the presentation of the subject 
Material. In examining the transcript it is noticed that specific 
sections indicate biological knowledge is intended for individuals who 
demonstrate a proficiency in the subject. An apprenticeship program 
is suggested because students need to have theoretical and practical 


skills if they are to continue in biology. A discussion of how sugar 
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originated in higher plants illustrates this point. 


A: Here we're saying if sugar must come from sugar how do 
you get the first sugar? Now I'll just leave that 
question dangling for you. It would take us back and we 
would say to the origin of life. Where did the first 
photosynthesizing green organism come from? How did it 
get started? And I really have no clear answer to that. 
We'll just leave the question. ... 


--. My question I don't have a good answer for is, well 
where did the first sugar come from? How was the 
machinery put in place to make that very first sugar, in 
the ah, very first photosynthesizing plants? And we'll 
just have to leave that. I shouldn't leave you with the 
impression there is no answer, there's no answers to 
that. There are hypotheses you might say, or there are, 
there are suggested answers to that question but I'm not 
prepared to ah, reveal or go over those with you. 


The impression that is received is one of a teacher possessing 
knowledge but choosing not to share it with other individuals. During 
our discussions he stated that knowledge is public and individuals 
should have access to it at all times. This is opposite to the view 
that was perceived by the researcher. It appears the difference in 
interpretation depends on the phrase "but I'm not prepared to ah, 
reveal or go over those with you". The teacher stated that the word 
"prepared" had two meanings for him. ‘The first was that he was not 
academically prepared to deal with the issue and if he pursued it the 
possibility existed that information may be misrepresented. The 
second meaning was that the topic was inappropriate because of time 
and course constraints. The teacher suggested that there was 
insufficient time to deal with the issue properly and other course 


material needed to be taught. 
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The researcher's perception was that particular knowledge is made 
available to select students at certain points in their careers. 
Because of this perception, biology is represented as a community. that 
admits its members on the basis of an apprenticeship. The process 
begins in school where a student learns basic principles, techniques 
and standards that constitute the field of biology as defined by 
teachers. If a student is successful at this stage he is permitted to 
advance to the next level, that of a university undergraduate. The 
following quotation demonstrates the message of an apprenticeship 


program. 


A: ee. Now what we're really pushing for are some details 
that are then, um, not, not part of everybody's high 
school educational experience. And I'm saying we're 
aiming this primarily at you people, say those who are 
looking for your matriculation. And then maybe a 
program in the sciences. And by the way, many Aluminum 
Bay students go on beyond high school into science. A 
very large proportion do so. 


The ultimate stage in such a program is reached by individuals who 
become research scientists and deal with specific information. For 
example, Ruben was presented in this way. The comment, "but to some 
minds that is satisfying knowledge [Ruben's discovery that atmospheric 
oxygen results from plants splitting water, not carbon dioxide, 
molecules] and they [biologists] spend hours and hours and hours in 
the laboratory figuring that out. Ah, discovering it. I'm saying the 
question is not for everyone perhaps", presents Ruben as an individual 
with special characteristics. Associated with this view is the 
impression that biologists have specialized knowledge and it is not 


intended tor everyone, nor will it be made available. 
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The previous discussion attempted to show that an elitist image 
of biology and biologists may be presented through classroom lessons 
and the knowledge that accompanies this view is seen as difficult to 
understand. One implication of knowledge is that it is meant for the 
initiated and if students are not at a particular level they have to 
accept many knowledge claims on faith. An example of students 
accepting knowledge claims on faith occurred when the teacher 
presented material on how sugar originated in plants. On the basis of 
the presentation students accept that an explanation exists for the 
origin of sugar. The students are not offered ways to evaluate the 


teacher's statements. 


Particular assumptions about biological knowledge are suggested 
by the teaching of biology as a subject that is partially revealable. 
One implication is that various forms of knowledge exist and some of 
these are understandable by the average layman but others are 
complicated and only research biologists are capable of understanding 
them. Associated with the forms of knowledge are values. Knowledge 
based on common-sense is not valued as highly as knowledge that is 
discovered through empirical means. Complex, theoretical knowledge is 
valued most highly as evidenced by the teacher's description of 


biologists and their historical experiments. 


The foregoing analysis indicates the teacher's predominant view 
of school biology is an empiricist's frame of reference in which 


certain conceptions of biological knowledge are included. The 


teacher's conceptual arrangement of school biology suggests that 
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biological knowledge is composed of a set of abstract structures that 
can be distinguished so that logical divisions can be made. 
Connections between the divisions are readily apparent. Intrinsic 
characteristics provide a framework for knowledge within a logical 
division. For example, historical experiments in photosynthesis 
comprise a logical division and some characteristics that join these 
experiments are the group of problems themselves, type of data 
gathered within the experiments and the manner in which the data are 


verified. 


According to the teacher's conception, nature exists in reality 
and biology is one way of gaining an understanding of that reality. 
To teacher "A" knowledge is a human creation, it is not an existential 
object. The connection between reality and knowledge is not a direct 
correspondence but individuals come to know the connection through 
empirical means. AS a consequence biological knowledge consists of 
causal explanations of observed phenomena. Even though the teacher 
indicates knowledge is a creation of man he gives his audience the 
impression that it consists of stable objects. This impression is 
derived from the teaching mode that presents biological knowledge as 
specific information which is discovered by empirical means. An 
implication of this perception is that knowledge is being reified. 
Man is seen as a passive interpreter of the world and individuals who 
possess knowledge can inform those who are ignorant. Associated with 
this perception of objectified knowledge is the view that such 


knowledge is intrinsically valuable. 
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Teacher "C" 


1. Pedagogic perspective 


(a) What is the theme around which the teaching takes place? 

The first guiding question provides a focus for determining the 
theme of teacher "C"'s lessons. An examination of the transcripts 
reveals teacher "C" uses the ideas of structure and function to explain 
Major concepts of the nutrition subsection. The concepts explained 
are those of photosynthesis and then teacher "C" relates those 
concepts to other basic biological processes. The connection that is 
made between photosynthesis and other biological processes is done on 
the basis of energy transfer. For the teacher, structure and function 
provide a framework for the organization and presentation of basic 
concepts. The teacher's framework is demonstrated in the following 
excerpt where he was responding to a student's question concerning gas 


exchange in the roots of a plant. 


C: Well you see, -—- a viable plant you have to have an organ 
system, an organ working with another organ, with another 
organ. So you have snipped them off, so you have a stem 
which could be an organ. ‘The leaves could be an organ. So 
as an organism it's incomplete, alright? And for it to have 
any form of growth it would then have to take in more water. 
The best water absorbing type structures are roots. So 
therefore as a function it would like, therefore, at least to 
develop a structure that's going to look after it. I'll keep 
working structure and function at you guys until you 
understand it. Everything has a function because it has a 
structure and that structure is going to have a direct 
bearing on how that function is carried out. 0.K.? 


Contained within the excerpt is a message that a relationship 


exists between the parts of an organism and the function of the 
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organism. The relationship involves the idea that evolutionary 
developments have resulted in organisms possessing particular 
structures and because of the nature of the structures they have 
specific functions. Besides the structures determining the general 
type of functions, the structures also determine how organisms carry 
out the functions. It appears the teacher is using a teleological 
argument or an argument from design (Hull, 1974, p. 103) to convince 
students that a basic explanation exists for biological processes. 
The statement, "Everything has a function because it has a structure 
and that structure is going to have a direct bearing on how that 
function is carried out. O.K.?", is couched in terms of goals, 
purposes and functions thereby giving the impression that an overall 
purpose governs biology. This argument was used throughout the 
transcripts and it suggests that particular events are determined by 
later events. When this style of argument and its implications were 
pointed out to the teacher he stated he was not attempting to argue in 
a teleological manner but he was concerned with "learning 
implications." He was "trying to present information so students can 
learn the biological knowledge" and he felt that the structure and 
function principle presented in this particular way accomplished his 


goal. 


In the context of structure and function the teacher referred to 
the relationship on an organ basis while other excerpts referred to a 
biochemical or cellular organizational scheme. A message of this type 
indicates the teacher conceives of biology as a study which is based 
on grades of organization. This term refers to the biological 


principle that protoplasmic systems are differentiated and organized 
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into compartment units (Hickman, 1961, p. 91). The principle involves 
the idea that organisms are an organization of units differentiated 
and integrated for carrying out life processes and this organization 
goes from one level to another as the evolutionary path is ascended. 
The levels or grades of organization are broken down as follows: 
biochemical, protoplasmic, cellular, cell-tissue, tissue-organ, and 


organ systems. 


The connection between the teacher's organizational framework and 
the theme of photosynthesis is that structure and function are 
explanatory concepts that are applicable to biology as a whole. These 
concepts are used to explain the theme of photosynthesis. The theme 


was suggested in comments such as the following two excerpts: 


Cz «. Homeostatic, so that now something is homeostasis. That 
means it is going to try and control a certain level of 
materials in its environment. And these materials in the 
environment must be kept at a fairly constant level. One of 
those things, or I should say two of those things must be 
kept constant in the environment of a cell are going to be 
the gases involved. Those two gases that Heidi stated 
earlier are going to be carbon dioxide and oxygen. Most 
organisms are going to either consume the carbon dioxide in 
their chemical reactions. And if they're consuming carbon 
dioxide, they're probably using other materials, for example 
water and they'll be releasing oxygen. Or they could be, for 
example, taking in oxygen and releasing carbon dioxide. Now 
those are the two major processes of life. The building of 
the complex material which is the consumption of the carbon 
dioxide or making of sugar. Or the breaking down of the 
sugar molecule and the releasing of carbon dioxide as a by- 
product. So those are the two major gases involved. The two 
major processes using those gases are photosynthesis and 
cellular respiration. ... 


es. PGAL the end-product of photosynthesis can be used to 
make sugars, can be used to make plant fats, oils, can be 
used to make plant proteins with the addition of nitrogen. 
O.K., so all the components that we classify as organic can 
find their origin through the process of photosynthesis. Of 
course there are going to be some exceptions and those would 
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be your chemosynthetic type of organisms. ... 


In these two excerpts comments such as, "the two major processes 
using those gases are photosynthesis and cellular respiration" and 
"0.K., SO all the components that we classify as organic can find 
their origin through the process of photosynthesis", suggest a theme 
of energy transfer in photosynthesis. Apparently the teacher is 
suggesting photosynthesis is a basic process which converts light 
energy into chemical energy for living organisms. Underlying the 
suggestion is a thought that the theme is important for students to 
understand because the relationship of energy transfer provides a 
basic concept which is common to biology. It seems this concept is 
involved in the organization of the lessons as well as being used as a 


basis for other concepts. 


Although the course description indicates autotrophic nutrition 
is the theme of this section the teacher did not discuss 
chemosynthetic organisms. In a later discussion the teacher indicated 
that he did not do this because of a "time factor and the topic was 
less important." He based his judgement of importance on provincial 
examinations and the amount of material in the authorized textbook. 

In his words, "the language of the text indicates a few organisms 
undergo chemosynthesis, therefore the text has helped form my 
opinions." It is on this basis that he decided not to teach the 
broader concept. His position is based on two assumptions. The first 
assumption is that if a concept is important a provincial authority 
will examine it. The second assumption is that the author of the 


textbook is an expert and since he did not devote a lot of space to 
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chemosynthesis it is not important. Included in the second assumption 
is the idea that a classroom teacher has no right to question the 
decisions of an expert because the teacher is not an expert in the 


subject area. 


In summary, an unstated theme of energy relations is evident in 
the transcript and it provides a framework around which the lessons 
are presented. The statements of teacher "C" suggest that he views 
the unstated theme as a basic principle which students are able to use 


to make sense of other biological principles. 


(b) What is the prevalent mode of teaching that occurs in the 
classroom? 


The second guiding question focuses attention on the dominant 
teaching mode and allows questions to be asked concerning observed 
patterns. Upon examining the transcripts the dominant mode that was 
observed was a form of lecturing. This term refers to the traditional 
presentation of factual material by exposition (Beasley, 1983, p. 
716). For example, a typical lecture begins with the teacher making 
introductory remarks and then continuing with a description (e.g. the 
structure of a leaf). In the first validation discussion the teacher 
noted the frame of reference for the lecture (leaf structure) was a 
confirmatory lesson for material that the students had been taught in 
an earlier course. Although the following example uses information 
that is considered common knowledge for many students, it is 


representative of the dominant teaching mode. 


G: Now the cross-section of the leaf. At the top of the leaf 
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you have a water resistant cuticle, a layer of epidermal 
cells, which is something like your skin, they're 
transparent, protective. There's a layer of cells just below 
that, which are the palisade mesophyll. The palisade layer 
they contain a large number of chloroplasts and that's where 
the process of photosynthesis will take place. ... 


The introductory remarks of this lecture serve two purposes. The 
first purpose is to focus students' attention on important points 
that are going to be presented in the future. The second purpose is 
to bridge past material to that which is about to be presented. In 
this example the teacher connected previous concepts of gas exchange 
to the structure of a leaf and then related the combined information 
to the movement of materials in cells. Once the information was 
related to the movement of materials in cells the concept of the 
opening and closing of stomata was discussed. As such, introductory 
statements of this type provide a commentary on what has happened, is 
happening and will happen. By including these remarks the teacher is 
separating the official or testable lesson from the unofficial or 
untestable lesson. The official lesson becomes the points the teacher 
stresses through repetition, tone of voice, choice of words or other 
communicative devices. It is these points students perceive as the 
material that forms examination questions. The remaining material is 
considered the unofficial lesson. For example, the unofficial 
Material consists of interesting asides that are not directly related 
to testable material. The separation of material has meaning for what 


students consider important and what they perceive as knowledge. 


The focusing statements in the previous excerpt indicate that 


specific statements of leaf structure are important and they are 
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considered knowledge. As mentioned previously, factors such as the 
choice of words and the tone of voice give extra meaning to the 
introduction. For example, the focusing statement, "I'm going to 
concentrate on the carbon dioxide intake of a plant and I'm going to 
show you how it gets into the leaf and also how the control of gas 
exchange is controlled by the guard cells", contains words that 
project certainty. The phrases "going to show you how" and "is 
controlled" convey the message that what is about to be presented is 
known with certainty. Certainty is also conveyed by the tone of 
voice. When vocal emphasis is placed on declarative phrases a direct 
message is transmitted. In this example the message is that the 
upcoming explanations are correct. By stressing the correctness of 
the explanations doubt is removed from biology. Doubt is removed 
because a particular theory for the regulation of stomates is 
presented as the explanation. The teacher's explanation of the 
mechanism of stomatal regulation is equated with a change in sugar 
concentration in the guard cells. The change in sugar concentration 
is due to photosynthesis and as a consequence changes in osmotic 
pressure open and close the stomata. This explanation is in agreement 
with that offered by Kimball (1975, p. 225) which is the authorized 
textbook for Biology 30. 


Both the teacher and the textbook present one theory as the 
explanation and students are not made aware that some six theories 
are presently considered for this phenomenon. Each theory appears to 
have its own merits and demerits. By presenting one theory the 
teacher is removing doubt from biological explanations. The removal 


of doubt has meaning for how students perceive biology. One possible 
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inference is students may view biology as providing specific answers 
because explanations are presented as certain. A second possible 
inference is that students may not appreciate that theories usually 
explain some observations but not others. By presenting theories as 
certain, students are not aware of competition among supporters of 
various theories, that theories are tentative nor the role anomalous 


results play in the development of alternative theories. 


The distinction between the official and unofficial lesson is 
further enhanced by the teacher's questioning method. The teacher 


frequently begins and ends a lesson by asking questions which 


summarize essential points of the previous lecture. For example, the 


following excerpt is a series of questions posed after a lecture on 


the light and dark reactions of photosynthesis. 


Ce Harriet? Did I leave you back on the light reaction? You 


tell me, what's the difference between the light reaction and 


the dark reaction? 


Harriet: -—. 


Cc: O.K. Dark reaction works because it gets the energy from the 
light reaction. The light reaction only works in the light. 


Therefore if the light reaction only works in the light it 


provides the energy for the dark. The dark won't work unless 


it gets energy from the light. 
Harriet: Why do they call it the dark reaction? 


Cz Because it doesn't need sunlight directly. 


Harriet: Can I call it indirect light reaction? This is so confusing. 


Cs O.K. call it the indirect light reaction and on a test call 
it dark. 


Student: -—. 


Ce No, no. Photosynthesis, which is the production of sugar 
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takes place during the daytime. Right? When they're in the 
sun. Now there is the reaction of building these complex 
materials takes place in two phases. One we have energy and 
two we use the energy. And the use of energy is called the 
dark reaction. Now, this is the confusing part when you 
first start photosynthesis. Even if you have the term dark 
reaction so you'd expect it to take place at night-time when 
there's no sun. But it doesn't require sunlight directly. 

Student: So they both happen at the same time then? 

C: They happen at exactly the same time. 

Student: If there is light, why do you need the dark reaction? 

Cz O.K. good question. If the light reaction and the dark 
reaction take place at the same time, which I said they did. 
The question was why if there is light, why do I need a dark 
reaction? Because if I have light I have the light reaction. 
What is the product of the light reaction? 

Student: Um, formation of ATP. 

Ce Formation of ATP. What's ATP? 

Student: Energy. 


Gs Energy. So the light reaction pumps out little packets of 
energy. So what are you goin' to do with the energy? 


Student: Food. Use it to make food. 


C: Use it to make food. Where is it making the food? 


The questions that make up this excerpt are analyzed on two 
levels. On the first level, the statements have a meaning which deals 
with checking or confirming students' understanding of particular 
concepts. For example, the excerpt begins with the teacher asking 
Harriet a question. Such a question checks whether she understood the 
point that had just been made. Next, the student's response is 
evaluated and judging by the response of teacher "C" he decided 
Harriet's understanding needed correcting. Later in the sequence the 


statement, "O.K. good question." serves a dual purpose. One, it 
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checks the student's understanding and two, it provides an editing 
function which carries a value judgement on the student's question. 
In this instance the value judgement is that the student is attending 
to a point the teacher considers important. According to the teacher 
he purposely uses this questioning style because it allows him to one 
"check understanding", two "make sure the rest of the class hears the 


answer", and three "lead students to the next major point." 


On a second level, the excerpt is examined for the meaning it has 
with respect to what is considered the official lesson. The analysis 
is based on the assumption that when a teacher summarizes a lecture 
the summary reflects the important points. During a summary 
particular points are stressed and students interpret these points as 
the official lesson. The second level of analysis is shown in the 
student's questions. For example, the teacher stresses differences 
between light and dark reactions. Harriet's questions show that she 
has focused on these points and she is attempting to clarify her 
understanding of the official lesson. It is on this basis that 
students perceive the stressed material as important and they make a 


distinction between the official and unofficial lesson. 


(c) What is the interest in the communication process? 

The third guiding question provides a focal point for examining 
the degree of control the teacher exercises over the communication 
process. The transcripts reflect a teacher who controls communication 
within lessons by using traditional lectures and then summarizing 
essential points through a series of questions and answers. This 


Manner or teaching controls the content and topical coherence of the 
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lessons because student involvement is precluded. As an example of 
the degree of control the teacher exercises the following extract is 


offered. 


Ce: Alright, photosynthesis has two reactions, the light reaction 
and the dark reaction. The light reaction can be broken up 
into two subunits. Can anybody name both of them? Both the 
subunits of the light reaction? Leslie? 

Leslie: Cyclic photophosphorylation and 


Ce Can you give it all together 
and a little louder so that other people can 


Leslie: clic photophos- 
phorylation and non-cyclic photophosphorylation. 


Gs Cyclic photophosphorylation and non-cyclic 
photophosphorylation. Very briefly Harriet can you tell us 
something about cyclic photophosphorylation? 

Harriet: Um, it goes in a cycle. And ah, it does need light... 

Cc: It's light that goes around in a cycle. Light is required. 
What was the last part of ---. Phosphorylation. Harriet, 
what do you mean by phosphorylation? 

Harriet: It's adding phosphates. 


Ct It's adding phosphates. What normally is going to receive 
the phosphate? 


Harriet: ADP. 
Cs ADP. What's the product? 
Harriet: ATP. 


GC ATP. O.K. can you go over it now, all the statements that 
you've said so far? 


The lesson begins with teacher "C" focusing attention on 
characteristics of the light reaction. The characteristics were the 
body of the previous lesson and in this instance they also serve as a 


bridge to the present lesson. The structure of the teacher's 
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questions and replies illustrate a technique that serves at least 
three functions. One function is to check whether students paid 
attention to official lessons in previous classes. This is seen in 
the questions that are posed and the manner in which students' replies 
are assessed. Apparently the official lesson of the previous class 
was the presentation of light reaction characteristics because the 
questions stress definitions of cyclic and non-cyclic 
photophosphorylation. The questions are considered common knowledge 
by the teacher because they repeat what the students received in class 
the previous day. By making this assumption the questions serve as a 
check on students' participation. A second function is to maintain 
control of the lesson. This is accomplished by the teacher initiating 
a questioning sequence which determines the points that are discussed. 
The reverse situation, where a student initiates a question, is 
usually not allowed by the structure. If the teacher encourages 
students' questions he loses the initiative and since such questions 
are unpredictable the content of the lesson becomes unpredictable. 
With student-initiated questions the teacher is obliged to acknowledge 
and respond but he no longer controls the discussion. Without lesson 
control the teacher cannot fully determine lesson content. A third 
function is closely related to maintaining control of the lesson's 
content. By maintaining lesson control the direction of the lesson is 
determined. In the previous example the teacher maintained lesson 
control and he was able to direct the lesson to characteristics of the 


dark reaction. 


The teacher's influence over the communication process has 
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meaning for how the researcher perceived the subject matter that was 
presented. The subject matter of official lessons was perceived as 
information that has been scientifically verified; whereas the subject 
material of unofficial lessons was perceived as information which the 
teacher considered speculative. The subject material also received 
less stress and it was seen as less important. A perception of this 
nature is attributed to the manner in which the teacher used 
communicative devices to stress information. According to the teacher 
experimentally proven information is considered knowledge and it is 
this type of information that he passes to students. The following 
extract illustrates the teacher's thinking on what knowledge is and 


what should be presented to students. 


Bs O.K., can you tell me what you consider to be biological 
knowledge? 

Cr Biological knowledge? 

Be Or just knowledge in general. It doesn't have to be 


specifically aimed at biology. 

Gt Unfortunately, I guess we're just at a point in time where 
there's a tremendous amount of, I don't know, information 
knowledge being thrown at us. ... 

«. Like doing the starch test. You take iodine and apply it 
to a potatoe and almost every, every time it happens. So 
does that mean without a doubt, whenever I add iodine to 
something and it turns blue-black it's going to contain 
starch? You know, it's like... 

B: Well, would you consider the starch test as fact? 


Cs I use it as fact. Yes and I would consider it fact. 


The teacher's view of biology is perceived in a particular way by 


the researcher. The perception is based on the observed teaching mode 


and the teacher's conception of biological knowledge. The teacher is 
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viewed as an individual who is aware of scientific findings and he 
transmits this information to students. One inference that can be 
drawn from such a view of biology is that students perceive biology as 
a method that yields experimentally verified results and the results 
are interpreted as knowledge. The following extract from a discussion 
with a student illustrates how she has adopted a similar view of 


biology. 


Bs And, you don't know... For example, if you were going to 
generate a problem how would you go about doing it? 


Pat: Generate a problem? I'd probably look for something that 
wasn't proven. Just go from there. See what thing I could 
use in the experimental process and that kind of stuff. 


B: And do you, do you have to go through a certain series of 
steps? And ah, 

Pat: Just like we're doing today. You go through 
a series of things and then come up with your conclusions and 
observations. 

Bs Alright, and what happens? You say you go through a series 
of steps. Can you skip any of those steps? 

Pat: No. 

Bs What will happen if you do? 

Pat: Your results wouldn't be correct. 

B: Why not? 


Pat: That's why, they wouldn't be appropriate, they wouldn't be 
accurate to what you're trying to find out, eh? If the step 
wasn't important it wouldn't be in there in the first place. 
So it must be done in a certain order and it has to be done 
to get the proper conclusions. The conclusions that you're 
looking for. 


Later in the discussion Pat stated that the experimental procedure was 


the scientific method. Pat conceives of the scientific method as a 
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series of five steps. To her, biology is a way of applying the 
scientific method to obtain knowledge. Her conception includes the 
idea that if the scientific method is properly applied the resulting 
conclusions are true. Such conclusions are guaranteed because the 
method, in Pat's view, has an inherent logic. To her, conclusions 
derived from experiments are true and she interprets them as 
knowledge. Pat's view reflects a reconstructed logic (Kaplan, 1964, 
pp. 3-11) of biology. In her view there is a linear progression of 
clearly stating goals and systematically working through the 
scientific method until the results are verified. The effect of a 
reconstructed logic is to encourage a form of thinking that results in 


closure and surety. 


The third guiding question also focuses on the degree to which 
student-initiated questions are encouraged and the meaning the 
questions have for communication control. The lesson transcripts show 
that students occasionally ask questions concerning the material being 
discussed. For example, the following sequence developed when the 


teacher compared gas exchange in leaves and roots. 


Lawson: How come they [roots] have to get oxygen? How come in some 
plants they're supposed to sit in the water? Like when you 
just cut off a shoot [and place it in] water? 


Ge O.K. Alright, good question. If he's just taken a plant and 
he's talking about making a slip or something. Usually when 
you make a slip where would it be? Tell me how you go about 
making a slip? The process, that's not with a sewing machine, 
a slip from a plant. 

Lawson: -—-. 


Cz What would you do? You just basically told me. 


Lawson: Snip orf the plant. 
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Cs: And then? 
Lawson: ---. 
Cs O.K. where are the roots of the plant? 


Lawson: Still attached to the plant. 


Cz Still attached to the plant under the ground right? 
Lawson: Ya. -—-. 
Cs Right. Right. That's right. What you've done now by taking 


and placing the little slip in the water is bring the water 
in direct contact with the cell. Eliminating the roots. 


Lawson: --—-. 


Ce They don't necessarily need a large quantity of oxygen, 
because we don't have the roots. And any oxygen that's 
dissolved should be enough oxygen to look after the oxygen 
requirements of the cell. O.K., so by cutting that piece of 
twig off and putting it in the water you've eliminated the 
roots so you don't need the function of those roots anymore. 


Lawson: Then why do you think there are roots? 

Cs Ah, well that's called differentiation. That's 
specialization and that's controlled by hormones. We'll be 
getting into that a little bit later. Maybe we could keep on 
going with this but it gets off track a little bit. So if we 
keep with gas exchange. That was a good question about gas 
exchange but the extension of the roots that gets us into 
hormone control. And let's get the gas exchange first and 
then we look up how 


Lawson: I just thought that if they had enough 
oxygen to make a 


Well, you see... 


The teacher encourages student-initiated questions but throughout the 
transcripts there are no direct requests for such questions. 
Consequently it is assumed encouragement came from a classroom 
practice that was in place prior to the start of the research. In the 


first validation discussion the teacher stated the encouragement came 


trom a conscious effort to make "students feel secure in class, feel 
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good, not intimidated." In his words, it is a "socialization process" 
and "acknowledging the student is more important than knowledge 
presentation." Whenever a student-initiated question is asked the 
teacher usually provides an editing comment. In the previous example 
the. editing comment is, "O.K., Alright, good question." The comment 
carries a value judgement that the question is appropriate to the 
present discussion. As a result the value judgement reinforces the 
asking of additional questions. Lawson has taken the initiative in 
the lesson because his question defines the topic of the reply. 
Consequently, the teacher no longer has direct control of the 
communication process. The teacher attempts to regain control by 
specifying the topic and by posing a series of questions to Lawson. A 
technique of this sort is only partially successful because the 
teacher cannot completely switch the direction of the question and its 
topical coherence without causing offence. Once again Lawson 
establishes control by asking, "Then why do you think there are 
roots?". The teacher regains control by focusing on the topic and 
placing limits on the relevance of what can be said. The teacher's 
statement, "Maybe we could keep on going with this but it gets off 
track a little bit. So if we keep with gas exchange. That was a good 
question about gas exchange but the extension of the roots that gets 
us into hormone control. And let's get the gas exchange first and 
then we look up how", focuses on the topic and indirectly provides 
limits for future questions. Besides specifying the topic the 
focusing statements also differentiate between the previously noted 
official and unofficial lessons. In this example the official lesson 


is a lecture on gas exchange. Although student-initiated questions 
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are encouraged by the teacher, he limits these questions to unofficial 
lessons. In this example the focusing statements carry the message 
that specific points make up the official lesson and student's 
questions should be limited to the official topic. 


2. Subject perspective 


(a) What, according to the teacher's definition, constitutes biology 
as an area of study? 


The first guiding question of this section focuses on the 
teacher's view of biology. In this analysis the teacher's subject 
perspective is interpreted to be the prevalent view of school biology 
that provides a focus for the material presented. The lesson 
transcripts reveal specific information was presented, The subject 
Matter was presented according to a view that knowledge of basic 
biological principles is necessary for students if they are to be 
aware of their surroundings. According to his view specific 
information that has been experimentally verified satisfies the 


requirement of suitable knowledge. 


Primarily the lessons involve biological knowledge on two levels. 
The first level is a presentation of descriptions of photosynthetic 
concepts. Apparently the descriptions provide students with 
background information so that they understand subsequent 
explanations. The subsequent explanations make up the second level of 
biological knowledge. A combination of the manner of teaching and 
communication control give the impression that information gained by 


biological methods is certain. 
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The concepts and principles that make up official lessons match 
appropriate sections of three chapters in the provincially authorized 
textbook. Kimball, the author of the textbook, states that present 
knowledge of photosynthesis is the outcome of experiments performed, 
and theories created, over a period of 300 years. During the lessons 
the teacher's use of a reconstructed logic of biology suggests that 
experimental results are the source of biological knowledge. As a 
result of the textbook and the teacher's interpretation of information 
contained in it, students are presented with experimental results as 
if they are certain. In the teacher's official lessons doubt is 
removed and the subsequent explanations are perceived as certain. 
When the teacher ignores failed experiments, anomalous results, and 
misinterpretations, students are presented with scientific 
observations that match perfectly with experimental results. Any 
inferences drawn from the results include all available information. 
Biology is presented as a form of technology in which faith, aesthetic 
sensitivity, personal commitment and the ability to accept ambiguity 
is lacking. By presenting biology as a form of technology, students 
perceive the subject as value free and free of error. Ina later 
discussion the teacher stated his presentation of biology stresses 
certainty because of educational reasons. In his words the 
presentation of biological knowledge should be "selective" because a 
positive example "speeds up learning time. It's expedient when we're 
not dealing with all the failures of the past." Apparently he 
believes efficiency is important in learning concepts and the 
introduction of negative results, anomalies and past 
misinterpretations prevents students from covering the course as it is 


described in the curriculum guide. 
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Teacher "C" misrepresents biology by ignoring negative results. 
Kuhn (1962, p. 140) states, "As pedagogy this technique of 
presentation is unexceptionable. But when combined with the generally 
unhistorical air of science writing and with the occasional systematic 
misconstructions discussed above, one strong impression is 
overwhelmingly likely to follow: science has reached its present state 
by a series of individual discoveries and inventions that, when 
gathered together, constitute the modern body of technical knowledge." 
Kuhn (1963, p. 349) puts forth the argument that such misconstructions 
are beneficial because students need to be trained for the normal 
science paradigm in order that they are capable of carrying on current 
research activities. According to Kuhn preconception and resistance 
to innovation are characteristics upon which the vitality of a 
research paradigm depends. In Kuhn's view, students entering a mature 
normal paradigm must be appropriately equipped with preconceptions and 
a sense of resistance to innovation. Judging from Kuhn's description 
of normal paradigmatic science and teacher "C"'s rationale for 
selectively presenting material, it appears teacher "C" operates 


within a normal paradigm. 


The previous inferences are based on observations made during the 
lessons and comments made by students and the teacher. For example, 
in a discussion about the purpose of biology the teacher stated that 
he teaches specific information to students. The following sequence 


illustrates the teacher's thinking on this point. 


Bs Now it, if that's the case, what's the purpose of biology? 


G: What's the purpose of biology for high school students? 
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B: Or just biology in general. 


Cs O.K., biology in general, specifically high school would be 
to take and give some information to students. In other words 
the study of learning period, is to gain as much knowledge as 
you can about a particular area and from that area you can 
progress into new fields. As it's very difficult if you 
don't understand or you don't have any knowledge at all about 
biology and for some unknown reason you're working around and 
you drop some iodine on a piece of bread it turns blue-black 
and you think you've discovered something new when in fact 
that's been around for a long time. So we're trying to give 
these, ah students some knowledge about life and biology that 
has been to a large extent, that has been proven time and 
time again. It's almost... Most of it's been considered 
fact at this particular level they are getting. ... 


Bs So that, ah in terms of the students you teach, you're trying 
to arouse their curiosity? 


Ce: Also I want to fill them with some knowledge about some of 
the things that go on around them. About their basic body 
works, about, ah you know the reproduction of how a cell 
functions, about some of the different requirements for life, 
some of the basics that are going on in their body, that are 


going on around them constantly. In other words, just 
making them aware of their surroundings. 


On the basis of these observations the teacher views school 
biology as a subject that consists of information statements. The 
phrases, "give some information to students" and "fill them with some 
knowledge", illustrate the idea that the teacher conceives of school 
biology as a collection of information and one of his major functions 
is to transmit the information to students. Consistent with this view 
of school biology is the teacher's view of nature which is described 
as a form of realism (Hospers, 1967). Judging from a discussion the 
teacher believes a real world exists whether a person perceives it or 
not. This real world is knowable because sense experiences provide a 
reliable source of information. In the teacher's words, "If one of 


the human senses can detect it, it's a little more believable." This 


145 


cal 


“ P 

mir 
. | 
<a 


act 
b. 
Luo 
tooxtoe 
dots = 
len 
2 
a 


Sic 
' 8 
oe 
evaerest:; 
38 
epbalwons 
oe 
avn a 
oa : 


ca tse Lion 
cy 
! 
iv 
oe | dretelenod Saaemerde aoisemotak sds 3 theanex3 
at at a (20 a be =< 
ieee 
| sietip = 
noteacoulb es ect | 
: = se 
a 6 : 
—_ oo a 
jade 
eae | 
ro Senta 


pet 
bf 
sow is01 
at eral 
Jor 


i» > ) 
ae 7 
hi | ‘ 7 
~<o 


146 


view is reflected in the following discussion: 


B: And you can't indicate to me your decision about that [what 
influences his decision on what he accepts as fact]? 


Ge No I can't. But if anything, because it [experimental 
verification] happens so often I put my trust... And I think 
that's what a lot of it is, is trust in other individuals. 


B: O.K., ah 


Gs And continuing on from that, a lot of times when I 
give knowledge or information to my students what I Say... 
They believe what I'm telling them is the truth because they, 
for a lot of cases, they believe me. 


Bs Now, O.K., in the case of those facts that you're giving 
students are they something man has created or um, do those 
facts actually reflect what's found in the world? 


C: Yes, that's, that's the question. I think we would like to 
see facts, at least I'd like to see facts, as something that 
is already there and it's just something that's been 
discovered and analyzed, rather than have us create the facts 
or create the situation to come up with a possible 
explanation of why something happens. I would rather the 
facts be presented as something as there, that we finally 
discover but it was there all the time, rather than, you know, 
create something to satisfy our own quest for knowledge. 


Bs So, correct me if I'm wrong but I'm interpreting what you're 
saying as that ah, these facts that we've discovered do 
represent what is in the world. And through the various 
processes that we use in biology we end up identifying those 
or discovering them? 


G3 Um, huh. 
Bs Is that right? 
Cz That's the way I would interpret, that's the way I would like 


facts to be interpreted. That's the way I like to use facts. 
As if something is already there and we just discover them. 


The teacher's conception of an independently existing natural 
world involves the idea that statements about natural objects are 
known to be true because sense experiences have been verified by 


biological experiments. The sense experiences perceive the physical 
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world pretty much as it is and experimentally verified facts reflect 
what is found in nature. As a result of this view what is 
experimentally verified is considered knowledge and it has a direct 
correspondence with the natural world. A realistic viewpoint of this 
type has meaning for biological knowledge and how the teacher 
interprets such knowledge for students. Since the teacher interprets 
knowledge to be a direct reflection of the natural world, it is 
expected this message is transmitted in his lectures. The comment, 
"That's the way I like to use facts. As if something is already there 
and we just discover them.", shows that the teacher transmits specific 


information to students. 


(b) What is the rationale for the teacher's knowledge? 

A possible rationale for the presentation of particular knowledge 
in school biology seems to involve the teacher's view of the world and 
his conception of the scientific method. Examination of the 
transcripts reveal that the teacher's conception of the natural world 
is a form of realism. According to his view one way of obtaining 
reliable knowledge about the world is through the application of the 
scientific method. His comments give the impression that biologists 
apply the scientific method and because it is inherently logical and 
systematic, specific information is obtained. The apparent rationale 
is that students should receive this specific information. Included 
in this rationale is the idea that at the high school level basic 
information is important because it allows students to understand 
basic biological principles. In the teacher's view, such principles 


allow students to understand their surroundings. 
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(c) How is the teacher's view of high school biology reflected in the 
lesson material? 


The third guiding question of this section raises the issue of 
whether the teacher's view of biology influences the presentation of 
the subject material. Upon examining the transcript it is noticed 
that the teacher presents specific information in his lectures. The 
lesson presentations are consistent with a view of biology that 
conceives of the subject as a method of gaining information about the 
natural world and such information is used to explain other biological 


processes. 


The influence of the teacher's view of biology is seen in his 
lectures. For example, a short extract from the beginning of a 
lecture illustrates the idea that biological knowledge consists of 


applicable information. 


C: ... The next little bit is just a bunch of facts that can be 
applied to gas exchange and that is kind of fill in some 
empty parts along the way. So the actual gas exchange parts 


of the plant are going to be the primary oasis areas which are 


bounding spongy mesophyll. And again that relates back to 
the fact that I keep harping at you is that a cell that is 
usually considered alive is going to be surrounded by a 
fluid. 


Statements such as "just a bunch of facts that can be applied" suggest 
that biology is perceived as a technical method. An inference of this 
view is that knowledge exists outside of man and through verification 
experiments, biological knowledge is discovered. Associated with this 
inference is the idea that the scientific method is logical and 


systematic. Consequently any anomalous results are due to human 


error, misinterpretation or other extraneous tactors. During the 
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second validation discussion the teacher stated he not only perceives 


biology as neutral and value-free but he presents it that way. 


In conclusion, the teacher's view of the world is that of a 
realist who perceives biology as a subject that uncovers facts about 
the natural world. To him, biological knowledge is an accumulation of 
objective facts and he gives the impression that these facts should be 
passed to students so that causal factors in biological explanations 


are recognized. 


Teacher "D" 
1. Pedagogic perspective 


(a) What is the theme around which the teaching takes place? 

The first guiding question provides a focus for determining the 
theme of teacher "D"'s lessons. According to the teacher's 
introductory statements the intended theme was the study of energy 
transformations as a basic biological principle of living organisms. 
The teacher's intent was to study photosynthesis as a representational 
form of energy transformations so that students become aware of the 
significance of the principles in relation to other organisms. Ina 
later discussion the teacher stated that the intent reflected an 
aspect of his educational philosophy. He felt the teaching of basic 
principles was necessary so that students would be able to understand 
subsequent steps in the photosynthetic process. In this particular 
instance the basic principles involved energy transformations while 


the subsequent steps were the oxidation-reduction reactions of 
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photosynthesis. The teacher also stated that there was a 
philosophical reason behind the teaching of energy transformations. 
The teacher's personal philosophy is: "for things to happen there 
need to be forces behind them to make things go." In the teacher's 
philosophy, a force accounts for all attributes of the universe, 
whether the attributes are motion, life or energy transformations. In 
discussing this point the researcher perceived it as being the more 
important or fundamental issue in the teacher's conception of the 
world. Associated with this fundamental belief is the idea that 
students should be aware of such basic "truths." For example, the 
following three excerpts, from the initial lesson, illustrate the idea 
that the subject of subsequent lessons is broader than the concept of 


photosynthesis: 


D: --- Now in introducing this, ah, I'm not going to call this 
photosynthesis. We have another title for this unit which I 
think much more indicates what we are discussing. And that 
is energy transformation. ... 


ee. This law [first law of thermodynamics] says that matter 
can neither be created nor destroyed only transformed from 
one form to another and that includes energy. So there is a 
direct relationship between these two things. As we look at 
a living system, that system can make some transformations 
between energy and matter eventually and continue to live. 


ee. O.K. and so the point that I make is, isn't it nice for 
us to be able to determine or use some other laws. That's 
why I say the jig-saw puzzle isn't complete. To apply some 
other laws and to say ya, life is a little more unique than 
these other laws [laws of thermodynamics] suggest that it is. 
And the key concept is this, that in order for you and I to 
exist we must take, from the surroundings, energy and use it. 


An examination of the transcripts reveals an underlying thought 


that the living condition is unique or special in some way and the 
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science of biology is unable to account for this condition. The idea 
that life is special is introduced when the teacher states "life is a 
little more unique than these other laws suggest that it is." The 
teacher expressed the special nature of life in a human context and by 
inference extended it to other organisms. On one level, the teacher 
is indicating that organisms have an ability to momentarily reverse 
the second law of thermodynamics, but on another level, there is a 
second message in the statement. The second message suggests a 
vitalist view of biology in which life originates in a vital force 
that is distinct from chemical and physical principles. A vitalist 
view is suggested in the following excerpt from a summary of the 


introductory lesson. 


D: ee. The third concept that made life unique, that was in this 
one-way flow of energy there is a unique condition where we 
cycled matter and we utilized energy to go up against 
randomness or disorganization and actually build things up. 
And you grow and that's the wrong way. That's not towards 
disorganization, you become more complicated. Alright, under 
natural laws... And you've probably had this explained to you 
a thousand times before. How many chances are there, 
according to nature, in which you can take all the parts of 
your watch, throw them in a box, shake it up, and when you 
open the box there's your watch? 


Student: It should happen. 

D: According to nature, that's not natural. That's not according 
to the second law of thermodynamics. Things don't get more 
organized they get more disorganized. But life is a 


situation where things do get more complicated. A human 
being is a very complex organism. 


In the summary the teacher made the analogy that the probability of 
life arising spontaneously is similar to the chance that a watch is 
made by randomly combining the appropriate parts. An unstated 


assumption of the analogy is that if there is a watch, there must be a 
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watchmaker. The analogy suggests that a vitalistic force is 
responsible for the living condition. In this way the teacher has 
introduced a force to the study of biology. Besides introducing such 
a force, the suggestion is made that the science of biology, as it is 
conceived by the teacher, is incapable of investigating such a force. 
This point became evident in a discussion with the teacher when he 
stated, "You know, I very much believe that the essential nature of 
life, or what makes something living is a spiritual dimension, that 
science yet hasn't understood. And whether we will or won't I'm not 
sure. But science doesn't have a grasp on what spirit is because it 


doesn't fit into our realm of understanding yet." 


The introduction of a vitalist force to biology has meaning for 
the manner in which the subject is presented. With the teacher 
conceiving of a force that is beyond the investigative capability of 
biology, the subject is reduced to a descriptive study which attempts 
to provide rational explanations of observed phenomena. In the first 
validation discussion teacher "D" stated he was consciously aware of 
the vitalistic message he was presenting. In his words, "biology 
looks at how it [life] happens rather than why it happens. Theology 
answers the why questions." The teacher's view of theology further 
emphasizes biology as a descriptive study. He believes man will move 
toward a better understanding of nature and "we will eventually reach 
a total understanding of life but it may not be in this mortal life." 
His thoughts link biological understanding with discovering details of 
nature. A "total understanding" is implicitly connected to 
understanding the vital force and that is only accomplished in the 


atterlitre. 
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On the basis of the teacher's introductory remarks it is 
concluded that the teacher views energy transformation principles as 
major concepts in the study of biology. Associated with this view is 
the thought that making students aware of a principle permits them to 
perceive a fundamental connection among organisms. The view of 
teacher "D" is interpreted to mean that he provides students with 
generalized concepts because they provide a learning structure for 
subsequent material. A second conclusion is that the teacher's 
conception of biology is strongly influenced by his religious beliefs. 
Because of his religious beliefs biology is seen in practical terms. 
To him biology provides explanations of direct observations or 


perceived relationships. 


(b) What is the prevalent mode of teaching that occurs in the 
classroom? 


The second guiding question focuses on the prevalent mode of 
teaching. The predominant teaching strategy is a form of lecturing in 
which questioning plays a part. The term "lecturing" refers to the 
presentation of material by exposition in which verbal information is 
usually given to students. (Beasley, 198, p. 716). The verbal 
presentation is frequently accompanied by questions and written 
blackboard summaries. The teacher perceives himself as using a 
"lecture-discussion" format in which there is an equality of the 
presentation of information and discussion about the information. The 
teacher indicated the reason a lecture-discussion format is used is 
that "students need to be told things to stimulate a discussion." 
Contained within the teacher's rationale is Freire's (1974) idea of 


banking knowledge. The teacher's comment demonstrates that he views 
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teaching as a process which deposits knowledge with students and later 


they are capable of calling on the knowledge in a discussion. 


_ Patterns begin to emerge when the transcripts for a teaching 
strategy are examined. For example, a typical exchange begins with 
the teacher asking a student a question and then using that student's 
response as a starting point to present a lecture. In this example 


the process begins with the teacher asking Jim a question: 


Ds ee. Alright, chlorophyll is a pigment. What's a pigment Jim? 
~ Jim: Um, it is a substance that... I forgot. 
D: Close, Jim. Lane? 


Lane: Light absorbing molecule. 


D: It's a light absorbing molecule. Absorbs all wavelengths of 
light except for? [4s p] Green. There's evidence in that 
experiment yesterday. Where you take some light, shine it 
through a prism, split it into the various wavelengths. When 
he took the test tube full of chlorophyll and set it in front 
of the spectrum and the green was basically the colour that 
was there. Alright, if you look at the diagram you'll note 
the chlorophyll has four parts to it. Four rings to it, and 
then it's got a side chain that sticks out to the left there, 
it sticks out to the left you'll notice there's a fair number 
of carbons and hydrogens in that chain, twenty carbons. That 
side chain is called a phytol group. ... 


The obgerved pattern involves a series of basic questions that 
are asked prior to a lecture. Apparently, such questions serve as an 
introduction to the lecture topic. In the previous excerpt the 
teacher posed a question which had an answer that was common knowledge 
to the students. The answer was known because the definition of a 
plant pigment had been taught in an earlier class. In addition to the 


students knowing the answer, hints were provided immediately before 


154 


ai. ar 


iewst brs edusbuge iiiw axintncsiceiaaaae 


sioteaoalh # al i 

~ . eigen a Oy 

wee «ssn osm en 

dtiw aniged somde iagy s igi go% 

sms. sae gab wot aot ee | aa 
alemsns ete nt scat» noc nto pbs = 

Sook = sD eas sae a ati ct 


y. 9 " es TY 


Cath dmperlhy \s gene qeeens ee stuistk 


ot ot nobttbbs at aneto:sehiaws ne ak Sous? nsed bad tnempiq 3asly 
exohed viacniboc ean a Na aeons: ot patnon wine ; 


SS 


the question was posed. As such, preliminary questions introduce the 
lecture and permit the teacher to present material which contributes 
to the cognitive aim of the lesson. In this lecture the lesson 
consisted of a description of the biochemical structure of chlorophyll 
molecules, the function of particular chlorophyll atoms, and the 


Manner in which specific wavelengths of light are absorbed. 


The focus of the lesson was the molecular details of chlorophyll 
structure and function. Thus, a direct message is transmitted to the 
students. The message is specific; that is, detailed information is 
valued by the teacher. Later in the validation of this material the 
teacher agreed with the inference and provided a reason for teaching 
specific information. The reason referred to his educational 
philosophy of viewing knowledge as being heirarchically structured and 
students must learn the basics before they are able to conceive of 
more complicated thoughts. Besides presenting a direct message in his 
lectures, the teacher frequently made comments which referred 
indirectly to the theme of energy transformations. For example, at 
the end of the lecture the teacher summarized the role of light in 
photosynthesis and indirectly related the specific points of the 
lesson to the theme around which the lessons are based. Although the 
teacher makes direct and indirect references to the theme, students 
perceive details of the lectures as important and it is suggested they 
view specific information as biological knowledge. The teacher is in 
agreement with this inference for the majority of students. In his 
words, "most kids get stuck on the facts but the smarter students 


apply the information to new situations; therefore, they are thinking." 


An indication that specific information is considered important by the 
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teacher is found in the following exchange. Immediately prior to the 
exchange the teacher had summarized the essential points of the light 
reaction. The exchange begins with a student asking a question about 


a specific detail of the flow chart. 


Dale: Where does the water come from? 


D: Where does the water comes from? The water you drank this 
morning? What do you you mean where does it come from? 
What's inside the cell? --— 90% more water. That's where it 
comes from. But it's a good question. You tend to always 
forget when we look at a two-dimensional picture on the 
blackboard that this is happening in an ocean. So I keep 
using the term, an ocean's made of water. That's exactly 
where it happens, in this huge body of water. ---. Any 
questions about this? [14s p] You think you could 
reproduce that [flow chart of the light reaction] do you? 
———,* “Jovita? 


Jovita: -=~. 

D: It goes through the cytochromes and back to chlorophyll. Got 
it? Take a real good look. [9s p] Do you want to get out 
a piece of paper? 

Students:No! No! Let's, let's... 


D: Take a good look. I'm real serious about suggesting that you 
should be able to reproduce that. That's called learning. 


Jim: That's called|bashing 


D: That's called bashing it into your brains. 
Well take a real good look and I won't have to get a baseball 
bat out. 

Jim: Might as well. 

Dz Anybody want me to walk through it once more? 


Students:Ya. Ya. 


D: O.K. What you see before you, besides a mass of shapes, is 
the light reaction. Photosynthesis, as we mentioned, there 
are two reactions, the light reaction and the dark reaction. 
Of course the light reaction requires light and it has two 
parts to it. One is non-cyclic photophosphorylation and the 
second is cyclic photophosphorylation. ... Chlorophyll a 
passes electrons to ferrodoxin. Ferrodoxin passes electrons 
to flavin, flavin passes electrons to NAD. O.K. one, two, 
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Student: 


Ds 
Student: 


D: 


three, four, five, six steps. Most of you know how to count 
to six. Six steps alright? 


Why don't you leave that part... I don't get that part where 
HO comes in. 


This part up here? 
Ya. 


When water is with its friends, water in the cell is 
constantly undergoing,.. It's constantly involved in a 
reversible reaction, in a dissociation reaction. ... 

You will see this [light reaction flow-chart] again but it 
won't all be there. None of it may be there. That's how 
important it is. Take a good look at it. Any other 
questions about this? Judy? 


When we put this on a test or something, would we have to 
explain um, what each thing does? 


Well, let's... If you recall I really would like to give you 
an oral test ---. To begin I'd really like you to understand 
the concept. This is the specifics and of course any time 
you're explaining something, specifics often help. But 
ultimately you've got to know the basic concepts. What I'm 
saying is this, I may ask you to describe the light reaction 
in detail. Now you'd describe it in as much detail as you 
know. Starting with non-cyclic photophosphorylation and 
cyclic photophosphorylation as two processes that produce, 
respectively oxygen as a by-product, ATP and NADH» And 

the other one produces ATP. And all this serves to drive 
the dark reaction. Now if you can add all the specifics 
you're that much further ahead. All students should be able 
to get 60 [%]. Those who spend a little extra time get 90 
[%] because they've learned the specifics. 


Throughout this example the teacher's comments demonstrate that 


details of the light reaction are important for students to know and 


memorization of such details is considered learning. The teacher's 


comment, "I'm real serious about suggesting that you should be able to 


reproduce that. That's called learning." carries the message that 


details are important, they are a major part of examination questions 


and students who are capable of memorizing such details are considered 


to have learned an aspect of photosynthesis. An extension of the 
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memorization of details is that the number of errors is an indication 
of the amount of learning that has taken place. Apparently the 
teacher judges students’ abilities according to the number of errors 
they make. The last point is illustrated when the teacher states, 
"All students should be able to get 60 [%]. Those who spend a little 


extra time get 90 [%] because they've learned the specifics." 


A conclusion that can be drawn about the manner of teaching is 
that despite the teacher indicating general concepts of energy 
transformation are most important, students perceive specific 
information as the material that is most often tested, therefore 
specific information is attended to. Further, the students considered 
specific information as biological knowledge. The researcher contends 
the teaching mode, with its stress on detailed information, leads 
students to perceive details as important and they conceive biological 
knowledge as consisting of empirically verified, descriptive 
information. During the first validation discussion the teacher 
stated he agreed with this conclusion but his philosophy of education 
was opposite to that of stressing specific information. The teacher 
stated he felt trapped by the system which tests for specific 
information. The dilemma appears to involve a realization that 
students need to score well on final examinations; therefore, they 
need to be taught what is tested. His dilemma is that if he teaches 
according to his philosophy he will be going against the system. He 
sees teaching according to his philosophy as damaging to the students' 
futures. On one level, the teacher apparently believes the teaching 


of specific information provides a basis on which subsequent knowledge 
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is built, but on a second level he feels "trapped" by a system that 
stresses specifics. The teacher's dilemma appears to involve a theory 
of learning, a pragmatic realization that the memorization of specific 
information is not equated with learning, plus a realization that to a 
large extent the educational system controls what content is taught as 
well as how it is taught. Despite recognizing the element of control 


he maintains he is free to teach according to his conscience. 


(c) What is the interest in the communication process? 

The third quiding question examines how the teaching mode 
controls the communication process. The transcripts illustrate a 
teacher who primarily uses a lecture-discussion format and 
occasionally uses a series of questions and answers to present 
information. The lecture-discussions typically begin with a question 
to a student and the student's reply forms an introduction to the 
lecture. Once the topic is introduced, the teacher presents specific 
PAEOr Et Son, Occasionally the lecture is interrupted by the teacher, 
or a student who spontaneously asks a question. After such an 
interruption a content oriented discussion usually takes place. The 
following excerpt is offered as an illustration of this type of 
situation. The teacher is explaining how pigments absorb particular 
wavelengths of light. The explanation results in one student 
answering a question and another student spontaneously posing a second 


question. 


Ds .. Action spectrum for photosynthesis that actually shows 
that that is true but it also gives us other evidence that 
there must be other pigments also available. Now, well why 
don't we see these other pigments? Why don't we see their 
colours evidenced in plants? 
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Jim: We do. Especially in the fall. 


D: O.K., the colours you see in the fall are the unmasking, so 
to speak, of the other pigments. Which simply indicates that 
we will talk, in this course, mostly about chlorophyll, that 
there is so much of this there that you just can't see the 
others. And as chlorophyll, as the molecule breaks down in 
the fall, it is broken down by enzymes, that unmasks the 
other colours that are there, so you are able to see them. 
So this is the one we'll talk about mostly, O.K.? Mostly 
because of its tremendous quantity. Because it is there in 
such great amounts. Ken? 


Ken: Would it be possible that there are other pigments that would 
absorb light from other spectrums? 


D: Is it possible? 
Ken: Yas 
D: Ya, anything's possible. There's lots of things... Any time 


you go outside the realm of the visible spectrum you're 
unable to see things. You need light to see. That's all I'm 
going to say. 


Notice, the teacher's question, "Why don't we see their colour 
evidenced in plants?", results in Jim's answer being used to continue 
the presentation. The question may or may not have been rhetorical 
but since Jim provided the response that was consistent with the 
teacher's thoughts the lecture continued with what appears to be a 
predetermined course. Edwards and Furlong (1978, p. 15) state that in 
classrooms there is a formalized allocation of speaking and listening 
fones and teachers manage classroom interaction so as to produce an 
orderly and relevant student participation. Since Jim was not 
nominated by the teacher to provide the answer, the usual interaction 
was violated. Because his answer furthered the lecture, it was 
permitted. Normally the teacher allocates a student who is expected 
to answer, but in this case Jim seized the opportunity himself. 


Occasionally the previous situation was noticed in other lessons. 
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This indicates the teacher allows students some control of the 
communication process. The opposite situation, of the teacher 
controlling communication, was seen when Ken asked "Would it be 
possible that there are other pigments that would absorb light from 
other spectrums?" The teacher's response, "That's all I'm going to 
say." demonstrates that he considers the question to be inappropriate 
at this time. The response reinforces control over the communication 


process and determines the next topic of discussion. 


The last example is most representational of the transcript. The 
teacher's response serves an editing function because it conveys the 
message as to what is considered appropriate for students to ask. The 
message is that unless a question is directly related to the topic 
being discussed it is considered inappropriate. Another example of 
the teacher controlling the communication process was observed when a 


student was asked: 


Ds O.K., SO would we experience a net change as far as the 
guard cell is concerned? [3s p] Sam? 


Sam: Um 
Dz. Just a yes or no answer. Leave out the philosophy here. 
Sam: Yes. 


Immediately prior to this exchange Sam had suggested different 
explanations to phenomena that the teacher was explaining. The 
teacher's comment, "Just a yes or no answer. Leave out the philosophy 
here." conveys the message that Sam's previous divergent questions 


were not Suitable. The teacher requires students’ questions and 
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answers to be within certain boundaries. The teacher terms his 
comment a "sudden control mechanism" and during the first validation 
discussion he indicated he employed such mechanisms for two reasons. 
The first reason was previously identified. The teacher considers 
part of the teaching process to be providing direction for students’ 
questions and answers. The decision as to whether or not a question 
or answer is appropriate appears to be related to the teacher's short 
term educational goal. Since the teacher's short term goal is 
unstated, students are unaware of criteria that govern the 
applicability of questions and answers. Students are expected to 
learn implicitly whether their questions or answers are appropriate. 
The second reason is one of a time constraint. The teacher feels 
control mechanisms are necessary if he is to cover the externally set 


course of study. 


A possible meaning that is contained in the previous examples of 
communication control involves the idea that relationships exist 
between the teacher and students. The information being transmitted 
by the teacher is that there is a proper role for students and 
teachers. A student's role consists of paying attention to presented 
materials, replying with appropriate answers and reacting in such a 
way that the teacher is able to evaluate classroom participation. 
According to teacher "D" another aspect of a student's role is to 
think. To the teacher, thinking involves a process where specific 
information is considered and through either induction or deduction a 
conclusion is reached. Once a conclusion is reached it is the 
student's responsibility to synthesize the information with their 


existing knowledge and then internalize the knowledge in terms of an 
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ultimate goal. The teacher judges internalization of knowledge to 
have taken place when a student is able to recall the conclusion, 
paraphrase the logical connections among specific points and then 


apply the resulting knowledge toward a goal. 


Teacher "D" perceives his role as interpreting biological 
knowledge and transmitting it to students. Another facet of the 
teacher's role is to create a situation which encourages students to 
think. According to the teacher this is accomplished by "providing a 
lot of information or questions and walk them [students] through the 
logical process. Or get a student to explain how he made the 
connections." In the teacher's view thinking is a logical process 


whereby conclusions are reached. 


The teacher's conception of the teacher and student's role in the 
learning process has meaning for students’ conceptions of biological 
knowledge. A possible meaning students may extract from such 
classroom teaching is that the teacher is viewed as a transmitter of a 
body of logical knowledge. Also such knowledge consists of specific 
information that is interconnected by conclusions and the knowledge is 
aimed at solving practical problems. In addition, hints are given as 
to what is considered appropriate student questions and answers, 
therefore part of a student's role is to adjust his/her perception of 
biology and biological knowledge so that he/her enters the teacher's 
system of meaning. Students who are adept at altering their 
conception of biology and thereby entering the teacher's system of 
meaning are considered, by the teacher, to have learned. In comparing 


the teacher's responses to Ken and Sam's input it is clear that Ken 
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has learned information that is considered important but Sam has not. 


The teacher recognized that he was altering students’ conceptions 
to be more in line with his system of meaning. He stated the "system 
moulds individuals. To survive in the system we have to accept it." 
The moulding of individuals was accepted by the teacher because he 
views society as an ordered system in which individuals require order 
to survive. In his view it is necessary for the educational system to 


have students enter a teacher's system of meaning. 


The previous excerpt illustrates that the teacher exerts control 
over student input by indirectly placing limits on what is considered 
appropriate. Besides controlling communication through his comments, 
the teacher also controls communication through the use of questions 
and answers. The following exchange shows a series of questions and 


answers about the source of photosynthetic energy. 


Ds Where did the sun come from? We don't want to get into that. 
It starts in the sun as far as you and I are concerned. 
Radiant dinner. You'll probably run out of space too if 
you're drawing as bigasIam. ---. O.K. The sun 
radiates energy out into space. Part of that comes down to 
earth, O.K.? What happens to the energy that hits the earth? 
That enters the atmosphere? Terry? Whatever this energy is. 


Terry: Some of it bounces back. 

Ds Some of it bounces back. Off of what? 

Terry: Off the atmosphere. 

D: Off the atmosphere. Bounces back into space. So it never 
does get to the earth. What else happens? Lise, what 
happens to some of the rest of it? 


Lise: -_——, 


D: Some of it goes through the atmosphere. Causing molecules of 
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the atmosphere to speed up, right? Very good. What else 
happens? ---? 


Student: It hits the earth once it gets to it. 

D: Some of it actually hits the earth, instead of being diffused 
in the atmosphere and begins to do something to the molecules 
of the land, the water. It speeds them up. What else 
happens to that energy? It's absorbed? Is that what you 
said? 


Student: It's used by the plants. 


In this typical exchange of questions and answers the teacher 
Manages both the formation of the question and the elaboration of the 
student's response. Notice the teacher's original question, "What 
happens to the energy that hits the earth?", was not directly answered 
by Terry. As a result of Terry not providing a totally appropriate 
answer, the teacher's reply incorporates useable elements and then 
elaborates and modifies the response so that information is presented 
to the class. During the first validation discussion the teacher 
indicated this series of questions and answers is a portion of a 
logical sequence in which students are led from one conclusion to 
another. The teacher stated because the appropriate answer was not 
provided the sequence was broken and the students did not establish 
the logic associated with the conclusion. With the breaking of the 
sequence the teacher incorporated useable elements of Terry's answer 
in the next reply, expanded on those elements and continued with the 
lesson. This exchange of questions and answers illustrates how and 


why the teacher controls classroom communication. 


Control of communication is possible because of the structure 


that is used. The teacher formulates the questions and then assesses 
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and modifies student responses. A structure of this type 
automatically reserves every other speaking turn for the teacher. 
Through the use of such a structure the teacher not only determines 
when a student speaks but by managing students' replies, the teacher 


determines the topic and direction of the discussion. 


The use of question and answer sequences, as well as lecture- 
discussions, controls communication on a number of levels. On the 
first level, communication is controlled when a lecture-discussion 
mode is adopted because the teacher assumes a role of transmitter of 
information. During the lecture phase students fill a role as 
receivers of information and any input on their part is automatically 
precluded because of the teaching mode. The manner of teaching 
presents the teacher as an expert who is passing information to 
students. On a second level, communication is also controlled by the 
teacher's comments because they provide boundaries for student input. 
When a teacher provides such limits one message that is conveyed is a 
discussion must fit the teacher's frame of reference of what is 
suitable. Consequently, students adjust their conception of biology 
and biological knowledge so that it is more closely aligned with the 
teacher's system of meaning. On a third level, the managing of 
questions and answers determines both the topic and the path of the 
discussion. It is concluded that students perceive biological 
knowledge as an object which is presented to them. Although the 
foregoing discussion demonstrates how a teacher is capable of 
controlling the communication process when a lecture format is 


adopted, teacher "D" also uses a discussion technique with the 
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students. During the discussions students are allowed input and they 


may perceive themselves as occasionally contributing to the lessons. 


Despite the teacher occasionally using a discussion technique the 
researcher perceived the teacher presenting the lesson material as a 
body of specific information. The information that is presented 
appears to be thought of as concepts which explain observed 
relationships and biological information which consists of verified 
experimental results. The connection between such information and 
concepts is that explanatory principles are developed to account for 
perceived relations among verified experimental results. A perception 
of this nature indicates that the teacher presents biological 
information as existing in nature and man uncovers this information by 
performing experiments. To illustrate this point the following 


excerpt from a lecture on thermodynamics is offered. 


D: ee. When we're playing around with energy transformations we 
have a bunch of pieces to a jig-saw puzzle, but we're missing 
some of the pieces. I know when I turn out my jig-saw puzzle 
it gets very frustrating when you can't find all the 
pieces. Because there is that beautiful picture but it's 
missing something right? And you get frustrated. And 
that's sort of the way you might feel about this unit at 
times. That some of the pieces aren't there and I'm sorry 
I can't give them to you because we haven't found them 
yet. But I very much think there are all the laws to let 
us understand this available if we can just find them. ... 


The statement, "But I very much think there are all the laws to 
let us understand this available if we can just find them." suggests 
an image that man's knowledge of natural events is separate from 
himself. Contained within the statement is the idea that nature 


follows pre-set laws and if man is sufficiently clever at applying the 
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scientific method he discovers biological information and principles 


which explain relationships among this information. 


The third guiding question also examines the relationship between 
the prevalent mode of teaching and the manner in which student- 
initiated questions are handled. ‘The transcripts reveal that students 
frequently raised questions about specific points as well as asking 
true questions. A distinction that is made between the two types of 
questions is that in the first case the questions were designed to 
obtain specific information from the teacher. The second type of 
question, or the true question, reflects a knowledge of not knowing 
(Gadamer, 1975, p. 325). Students pose true questions when they want 
to gain an understanding of some aspect of biology. The following two 
excerpts illustrate the two types of student-initiated questions. The 
first excerpt begins with the teacher requesting questions after he 


presented a lecture on chlorophyll structure. 


D: Any questions about the factory? This is a little more 
detailed than what you saw in the film-strip. Are there any 
questions about the pathways? 


Student: What did you say about the pathways? 

De We said the enzymes appear to be arranged in specific 
pathways. O.K.? That's all I'm going to say right now. 
We're going to look at... In order for a series of reactions 


to occur, then perhaps like an assembly line there needs to 
be a worker at each place in the assembly line ... 


In this case, the student's question is one that clarifies a previous 
point and the purpose is to gain specific information for possible 


examination questions. Of the student-initiated questions this type 
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is most frequent, but occasionally a student posed a true question. 
In the second excerpt the teacher was lecturing on absorption of light 


by various pigments when a student asked: 


Sams Ah, do we have any information that says maybe plants 
throughout their existence have become more adapted to these 
different colours? 

D: Ah, getting into the realm of evolution and getting into the 


realm of theory and hypothetical explanations. Possibly. 
The answer is of course possibly, Sam. ... 


Sam's question was spontaneous and not related to a potential 
examination question. It is generally related to the topic of light 
absorption by plant pigments but it reflects a genuine desire to know. 
By posing such a question Sam has taken the initiative, and as a 
result momentarily causes the teacher's lecture to go in a different 
direction. Since Sam was genuinely seeking information, his display 
of ignorance lost him the initiative. The teacher provided a response 
which regained lesson control and it was used to continue the lecture 


on plant pigments. 


A comparison of the two types of student-initiated questions 
reveals the teacher frequently requested questions. Students usually 
responded by asking questions dealing with details of biological 
concepts and how the details related to possible examination 
questions. For these student-initiated questions the teacher provided 
specific information that included hints for the up-coming 
examination. In contrast, the true student-initiated questions were 
posed less frequently and the teacher's responses were general. The 


wording of such responses suggested true questions were not valued. 
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For example, the teacher's response, "Ah, getting into the realm of 
evolution and getting into the realm of theory and hypothetical 
explanations. Possibly. The answer is of course, possibly, Sam." 
suggested to the researcher that questions that are not directly 
related to the topic or those that do not have an equivocal answer are 
not encouraged. The teacher indicated that an interpretation of this 
nature was incorrect. As a teacher, he values student questions and 
responses and actively encourages them. The teacher stated that his 
response reveals his attitude toward evolution. The concepts of 
evolution are contrary to his religious beliefs and the statement 


reflects a personal bias. 


The previous section indicates student-initiated questions are 
encouraged but they should be of a specific nature. Questions that 
are encouraged are those directly related to the lesson topic. These 
questions reinforced particular details that had been taught and 
provided hints for future examinations. A meaning that can be 
attributed to these observations is that the teaching style encourages 
particular questions which help present specific biological 
information. The teacher maintains he only discourages student- 
initiated questions in areas where he does not feel comfortable 
because of a personal bias. Apparently he states his biases about the 
curriculum areas of evolution and reproduction. Teacher "D" perceives 
biology as a discipline which is neutral and value-free and the 
stating of his biases is viewed as a method of maintaining objectivity 


in the presentation of lesson content. 
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2. Subject perspective 


(a) What, according to the teacher's definition, constitutes 
biology as an area of study? 


The first guiding question of this section examines how the 
teacher views biology as an area of study. In this analysis the 
teacher's subject perspective is interpreted to be the prevalent view 
of school biology that provides a focus for the material presented. 
The transcripts reveal a systematic arrangement of the subject 
content. The organization of the material is based on the theme that 
principles of energy transformations are basic to organisms and an 
effective way to understand these principles is to examine specific 
biochemical details of photosynthesis. Apparently, the teacher 
assumes knowledge of photosynthetic processes permits students to 
perceive the significance of generalized biological concepts. The 
primary arrangement of the subject content involves an introduction to 
the principles of energy transformation. An important aspect of the 
teacher's view of energy transformations, as fundamental biological 
principles, is how energy relations link organisms. Besides teaching 
the commonalities of energy relations among organisms, the teacher 
also introduces the idea that the living condition is special and 
biology is incapable of explaining it. The introduction of special 
attributes of life suggests a separation of life and biology. The 
separation presents the idea that biology is a study which describes 
natural characteristics of life. The separation also attempts to 
develop causal explanations of perceived relationships among those 
characteristics. During the first validation discussion the teacher 


revealed that after the experience of cooperating on the research 
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project he now tries to focus on the descriptive aspect of biology and 
decreases the emphasis that he places on the special attributes of 


life. 


The following excerpt, taken from the researcher's discussion 
with the teacher, is offered to demonstrate the teacher's conception 


of biology as it relates to life being a special condition. 


Bs O.K., SO maybe I'll start in on some questions as I did with 
some of the students. And, ah one of the things I'd like to 
know is what do you consider to be biological knowledge. A 
nice easy question to start. 


D: A nice easy question. Well, um any concept or fact, or 
information that pertains to living things would be 
considered to be biology. And I'll follow the definition of 
life. 


B: O.K., now is that knowledge, whatever you're putting in 
there, is that a construction of man or is it a reflection of 
what we find in nature? 


D: Well, since I don't believe that science has been able to 
determine what life is, the actual entity, our study of 
biology is focusing on the structures we call living and so 
all our facts and information simply revolve around, does a 
living thing, quote, live? And what makes it living, in terms 
of what it does. And we try to understand the functions of 
the parts and structures of that living thing but I don't 
think that knowledge really gets at what , at what you know, 
life really is. And I don't know that science can, as it 
is. I guess this is a little bit of my own philosophy in 
terms of my religious background. ... 


On the basis of these observations the teacher's view of biology 
is a subject that is limited to description. The comment, "I don't 
think that knowledge really gets at what, at what, you know, life 
really is." indicates the essence of the living condition is beyond 
biology. As a result biology becomes a science of description. 


Later in the discussion the teacher was asked if he thought that 
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biology was capable of going beyond description and he replied because 
of his religious belief it would only occur in the afterlife. 
Comments of this nature indicate the teacher's subject perspective is 
influenced by theological considerations. It is expected that such 
considerations play a role in the rationale that governs the 


presentation of biological knowledge. 


(b) What is the rationale for the teacher's knowledge? 

The previously observed theological considerations appear as a 
fundamental premise on which the teacher's view of biology is based. 
Biology is conceived as a descriptive science and it is on this basis 
the teacher develops a rationale which governs the presentation of 
lesson material. Observations related to the rationale lead to the 
inference that the teacher combines learning theories with philosophy 
of science for the presentation of biological knowledge. Given the 
premise that biology is only capable of describing natural phenomena, 
the teacher's philosophy of science is empirically based. This term 
refers to the idea that reliable inferences are the result of the 
scientific method which is based on observations, controlled 
experiments and inductive arguments (Radnitzky and Andersson, 1978, p. 
23). The teacher gives the impression the natural world is knowable 
through the scientific method and verified, experimental results are a 
close reflection of what exists. Since the teacher's view of biology 
is empirically based, it is expected classroom lessons reflect this 
view. In a discussion with the teacher about the scientific method he 
stated "Um it was good. It was a good method.", but he feels that its 


structured nature limits creativity. In his words, "... If you do it 
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[biological research] according to the scientific method you have the 


least amount of subjectivity and the greatest amount of objectivity. 


But that takes out an important part of the project. ... 


The teacher's belief that the scientific method yields certain 
knowledge is reflected throughout the transcripts. He states the 
positive point of the scientific method is "you either know or don't 
know at the end of the process if your knowledge is certain." The 
following three excerpts illustrate the idea that the scientific 


method yields information which is proven considered knowledge. 


Dz ee. Oxygen, O.K., now that's basically the general formula 
for photosynthesis, right? It is a little more specific than 
that, quite a bit more specific. We haven't balanced it 
first of all and we haven't added a number of things to this 
line here and we haven't talked about how we found out this 
is IH Lact. COLLeCt. ‘es. 


Dz «- OK, part of the reason for showing this [photosynthesis 
equation] to you ah, is that all those things I put on the 
blackboard are pieces of information that have been derived 
from experimentation, Just like virtually everything that we 
go through in this course is derived by experimentation. ... 


D: eee O.K., now, how could you prove experimentally that in 
fact this is the way photosynthesis works? By that I mean 
water gets split. Yes, we have an example here but it isn't 
using water and isn't using carbon dioxide and so there is 
always that shadow of doubt that if we try it in this 
situation it's different than it may be over there. How 
could you prove this? How could you test this? Judy? 


Judy : Um, in chemistry we're doing something on the radioactive 
Sturt. You could... 


The phrases, "how we found out this is in fact correct", "how could 
you prove experimentally that in fact this is the way photosynthesis 
works", and "all those things I put on the blackboard are pieces of 


information that have been derived from experimentation", convey a 
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message that the scientific method is a source of certain information 


which is interpreted as knowledge. 


(c) How is the teacher's view of high school biology reflected in 
the lesson material? 


The third guiding question of this section considers whether the 
teacher's view of biology influences the presentation of the subject 
matter. Examination of the transcripts reveals the teacher conceiving 
of biology as a method which describes factual observations of a real 
world. The teacher's introductory statements on energy transformation 


reveal this conception. 


D: ee There are some facts here that when we get into some 
biochemistry that will prove to be a little more difficult 
for some than others. I'll present it in a much different 
fashion than the text, because I think I have an easier way 
to do it. So what I suggest to you then, if you're going to 
read the text through, just read the first part to give you 
some of the facts. Once you get into the reactions, which is 
nine point six, the dark reaction, -—, nine point six and 
on... From there you might not read that so much. Listen 
more carefully as to what we do inclass. ... 


The predominant message in the introduction is; subsequent 
lessons deal with experimentally verified information and students are 
expected to establish relationships among that information so that 
they are aware of the significance of generalized biological 
principles. Contained within this message is the idea that as 
biological knowledge accumulates biologists are able to develop causal 
explanations of basic principles. This idea is consistent with 
comments made by the teacher when he was asked, what is the purpose of 


biology? 
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Ds More and more, you know, as we uncover more and more 
knowledge, or as we think about more and more things and 
experiment we can... In terms of where we're at as far as 
science is concerned I think that, you know, the, quote, 
discoveries, you know, have been men who have taken a look at 
those things around them and began to put one and one together 
to come up with two. And, quote, begin to understand some of 
these eternal truths. Now, until you know the whole package 
you're not sure how they interrelate with one another. So, 
you know, we talk about laws that exist. Yet as we learn new 
information and or, quote, discover new laws, we find we can 
overcome, supersede, halt in a particular situation, you 
know,eee I used the example of gravity, that it always 
exists. That doesn't change, but the effects aren't always 
the same if you change the circumstances. 


The impression that is received is one of a teacher who is aware 
of the existence of basic, unchanging natural laws and he views the 
scientific process as a method which uncovers knowledge about these 
laws. An inference of this view is that nature is based on eternal 
truths and man is capable of partially revealing these truths by 
applying the scientific method. The inference means sense experiences 
are reliable and man's perception of natural phenomena closely 
reflects natural conditions. As a result of man accepting the 
existence of eternal truths that determine natural conditions, 
biological knowledge becomes sense experiences that are repeatedly 


verified. 


The teacher's view of school biology involves a supernatural 
force that accounts for basic principles and the study of these 
principles is the foundation of biology. His view also includes the 
idea that empirical research uncovers pre-existing information. A 
conception of this type means biological knowledge is seen in an 
objective manner. With knowledge being objectified, man is presented 


as a transmitter and receiver of such knowledge. 
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A synthesis of the analyses and interpretations of teacher "A", "C" 


and Rye 


1. Pedagogic perspective 
(a) Theme of subject material 

Underlying the three teachers’ themes is a basic idea that energy 
transformations provide a link for living organisms. Although this 
concept is apparently understood by all three teachers, their lessons 
gradually move from this common starting point to where specific 
details of various biological processes are stressed. Teachers "A" 
and "D" stress detailed points of biochemical reactions in the process 
of photosynthesis. Their lessons involve flow-charts of oxidation- 
reduction reactions in which electron transfer pathways play a key 
role. In contrast teacher "C" addresses similar issues but he 
presents them through concepts of structure and function. His 


approach is less theoretical and less detailed. 


The major point to be made in relation to the theme of the 
subject material is that the teachers apparently agree on the theme 
but they do not carry it through their lessons. Observations of the 
content of the lessons, the manner in which the content is presented 
as well as the teacher's conceptions of biological knowledge indicate 


they stress details at the expense of broad concepts. 


(b) Teaching modes 
The teaching modes of teacher "A", "C", and "D" are described 
respectively as recitation, lecturing and lecture-discussion. In each 


case the teaching mode is in accord with the presentation of specific 
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details. Teacher "A" accomplishes the presentation of material 
through the posing of questions and handling students' replies. The 
essence of his instructional strategy consists of posing a question, 
accepting particular points of a student's reply and then elaborating 
on these points so that new material is presented. Teachers "C" and 
"D" employ a version of a classical lecture. Teacher "C" makes a 
distinction between material which is considered important or testable 
and that which is interesting but not as important. His manner of 
teaching is to present a formal lecture accompanied by notes for the 
Material he considers important and then, adopting a casual question 
and answer format for the less important points. Teacher "D" employs 
a lecture - discussion format in which details of biological processes 
are presented by lecture. Following the lecture a discussion takes 
place where teacher "D" clarifies points and attempts to determine if 


students are able to reproduce the material presented. 


With respect to this study, the importance of examining 
individual teaching modes is to look at how the teachers' conceptions 
of biology and biological knowledge are reflected by their individual 
styles. In each case the teaching mode presents the lesson material 
as a logical, coherent body of specific detailed knowledge that has 
gradually been discovered through the scientific method. That 
individual teachers employ a reconstructed logic of biology in their 
lesson presentations is a central element of the teaching modes. The 
first way a reconstructed logic is used is an individual biologist's 
work is presented as a series of stages which are joined by formal 


logic. That is, a conclusion associated with the first stage is 
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logically linked to the second stage which is linked to the third 
stage and so on. The teachers then extend their reconstructed logic 
to the scientific enterprise as a whole. The work of one biologist is 
presented as a foundation from which the next biologist logically 
develops his fact, concept, law, theory, experiment or whatever. An 
implication of this style of presentation is that biology is conceived 


aS a process which leads to a coherent body of certain knowledge. 


(c) Control of communication 

By examining the degree of control individual teachers exercise 
over the communication process the teachers' perceptions of classroom 
social relations are revealed. Teacher "A" exercised the greatest 
amount of control over the communication process, while teachers "C" 
and "D" occasionally allowed student input. It should be noted 
teachers "C" and "D" controlled the communication process for the 
presentation of material they considered important and they relaxed 
the process for interesting asides or unimportant points. It was 


during the relaxed phases students were allowed input. 


When the communication process is examined the image of teachers 
and students that becomes apparent is one of experts and novices. 
Whenever the teachers were presenting material they considered of 
value, there was a distinction made in the roles of teachers and 
students. Teachers project the image of possessing knowledge and they 
are passing it to individuals who lack such knowledge. A student's 
role is to accept the knowledge and in teacher "D"'s words, 


"internalize it." 
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In light of the teacher and student roles, knowledge is being 
objectified and treated as a commodity. It is as if biological 
knowledge exists in the natural world and part of being a teacher is 
accumulating an appropriate stockpile so that it may be passed to 
students. An image of this nature indicates knowledge is not created 
by man but it is discovered. An implication of viewing knowledge as 
an object is students may conceive of biology as a process in which 


certain knowledge is discovered. 


In the case of the three teachers the number of student-initiated 
questions varied widely. The number varied from a low of five 
student-initiated questions for the entire series of teacher "A"'s 
lessons to several per day for teacher "D". What was noticed about 
these questions? They belong to two broad categories. The categories 
are characterized as true questions and those aimed at clarifying a 
specific point about the lesson material. True questions are those 
questions that a student exhibits a knowledge of not knowing. This 
type was in the minority and it is interesting to examine the three 
teachers' approaches to them. With the students of teacher "A" there 
were no true questions observed during the seventeen class periods. 

Of the five student-initiated questions observed they dealt with 
future examination questions or points of clarification on the lesson 
material. Teacher"C" encouraged student questions but through 
communicative devices he indicated the points were not going to be 
tested; therefore, they were considered of less importance. Teacher 
"D" actively requested student questions and he provided detailed 
answers for questions closely related to lesson material. In the case 


of speculative questions teacher "D"'s responses were general and 
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through his comments he tended to discourage divergent questions. 


Comparing the three teachers' responses to student-—initiated 
questions illustrates that such questions are encouraged if there is a 
close match between the questions and what the teacher considers 
important. One meaning this may have for students is that their 
thoughts must be specifically related to the teacher defined topic. 
This means speculation is discouraged while convergent thinking is 


encouraged. 


2 Subject perspective 

In the three analyses and interpretations the purpose of 
examining the subject perspective is to establish what each teacher 
assumes constitutes the subject as an area of study. Once the subject 
perspective is established, the next step is to examine each teacher's 
rationale as to why particular biological knowledge is presented. 
With the exposure of the subject perspectives additional questions are 
addressed that clarify the teachers' conceptions of biological 


knowledge. 


(a) Biology as an area of study 

Teacher "A" presents his conception of high school biology as 
collections of logically structured principles. It is a system of 
ideas concerning the natural world that are discovered by empirical 
means. There is a sense in teacher "A"'s conception that historical 
developments are important to an understanding of the discipline. 


Historical developments are involved in demonstrating the logical 
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nature of biology. According to teacher "A" it is possible to examine 
experiments and trace a path of logical thought within experiments as 
well as from one experiment to another. Associated with the logical 
nature of the discipline is a notion of gradual development. He 
presents biology as a study which gradually accumulates knowledge and 
becomes more and more complex. The presentation of major experiments 
casts biologists as individuals with special attributes. Teacher "A" 
projects a sense that biology is a formalized process which yields a 


specialized form of knowledge. 


In contrast, teacher "C" presents high school biology as a 
collection of information statements that he transmits to students. 
Teacher "C" accepts information from a variety of sources, determines 
what is of value in terms of educational goals, and then presents it 
to students. The basis on which the information is accepted as 
biological knowledge depends on whether the information has been 
experimentally verified. For teacher "C" scientific proof consists of 
repeated experimental verification through the application of 


controlled experiments. 


There is close agreement between the teacher's conception of high 
school biology and the view presented in the provincially authorized 
textbook. The teacher employs a reconstructed logic that presents 
information contained in the textbook as if it is certain. 
Alternatives in the form of conflicting or discarded theories, 
anomalous results, misinterpretations or failed experiments are 
noticeably absent. Whenever biological experiments are discussed, 


there is perfect agreement between the observations and results. 
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Inferences that are drawn include all available information thus 
leaving students with the impression that biology is exceptionally 
neat, orderly and logical. Teacher "C" presents biology as a form of 


technology which follows a structured sequence. 


Teacher "D"'s conception of high school biology is one of a 
structured system which describes characteristics of nature. His view 
of biology includes the concept that the process identified as the 
scientific method is the way in which biological knowledge is 
discovered. According to teacher "D" there is a natural world which 
exists in reality. Man perceives characteristics of that real world 
and through the process of the scientific method establishes 
statements which are considered certain knowledge. His view of 
biological knowledge is a correspondence view but it is limited to 
describing characteristics of organisms. Teacher "D" has a strong 
religious belief which introduces the concept of a vital force to 
living organisms, and therefore, separates biology from the study of 
life. To him biology is concerned with describing observations while 


theology deals with the living condition. 


(b) Rationale for the presentation of biological knowledge 

Teacher "A"'s rationale for presenting particular knowledge 
appears to be related to his conception of biology as a systematized 
method of studying nature which results in a formalized body of 
biological knowledge. Teacher "A"™'s sense of biology as a discipline 
is more inclusive than just being a method. Once biological 


information is considered knowledge, it then becomes part of the 
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discipline on which future knowledge is built. Part of the teacher's 
conception of biology is his view of the biological enterprise. The 
term biological enterprise is the system by which the study of biology 
is carried out. Teacher "A" conceives of the biological enterprise as 
an empirical process which closely follows the scientific method as 
identified in high school biology textbooks. The version of the 
scientific method teacher "A" referred to was an idealized version of 


the Baconian method. 


Teacher "A"'s conception of the biological enterprise is based in 
empirical beliefs in which reliable inferences are generated through 
direct observations and controlled experiments. The teacher indicated 
that a process of induction is used to arrive at the experimental 
conclusions. If the conclusions are in agreement with the original 
observations and hypotheses the conclusions are considered reliable 


and therefore certain. 


The teacher's conception of biology as a logically structured 
system and body of knowledge is the rationale for presenting 
particular knowledge to students. The content of the teacher's 
lessons is organized along historical lines and in so doing a logic is 
illustrated within an individual's experiments as well asa 
developmental sequence from one biologist to another. A commonality 
that is found in teacher "A"'s description of biologists’ experiments 
along with the gradual development of biological knowledge is the idea 
the scientific method was applied in each instance. Associated with 
the application of the scientific method is a belief that the 


resulting conclusions are considered reliable. There is an unstated 
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assumption that if the information is reliable it is considered 


certain and gradually it is conceived of as knowledge. 


Teacher "C"'s rationale appears to be in direct contrast to 
teacher "A"'s. Teacher "A" gave the researcher the impression he was 
conveying a discipline to the students while teacher "C"'s rationale 
appears to be related to educational reasons. Teacher "C"'s view of 
the world is a form of realism in which the scientific method verifies 
a person's sense perceptions. His rationale for presenting particular 
knowledge to students is a pragmatic one. Teacher "C" believes 
students require biological knowledge if they are to function in and 
understand the world. His conception of biological knowledge appears 
to be closely associated with information contained in the 


provincially authorized textbook. 


During the first validation discussion the researcher discussed 
with teacher "C" the three assumptions on which the analysis and 
interpretation was made. Teacher "C" agreed with the assumptions but 
he identified additional factors that he feels influence his 
presentations of biological knowledge. The first factor, according to 
him, is the course description as it is stipulated in the curriculum 
guide. The influence of the curriculum guide appears to operate on an 
legal and educational level. In terms of legality, the teacher gave 
the impression he was legally bound by the provincially prescribed 
course description, and thus he must teach all points contained in it. 
Although the teacher is apparently aware of the distinction between 
the curriculum guide (i.e., suggested activities or the course 


description) and the course of study (i.e., legal description) he left 
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the researcher with the impression that he must follow the course 
description contained in the curriculum guide. An implication of the 
legal factor is that teachers feel they must present as much material 
as possible in order that they satisfy a perceived requirement. In 
terms of an educational influence teacher "C" indicated the curriculum 
guide specifies the teaching of particular topics that a teacher may 
either lack expertise in or does not have an interest in teaching. 
Because such topics are included in the curriculum guide the teacher 
perceives they must be taught and thus he is placed in a quandary. 
The quandary is that he perceives a legal requirement but he lacks the 
appropriate expertise or interest for the teaching of some topics. As 
a result the presentation of the subject matter is affected. The 
perceived legal responsibility forces the teacher to present the 
material he feels unprepared to present. One way the presentation of 
such material may be affected is the teacher relies on the textbook 
and thus students receive a narrow textbook interpretation of biology 


that reflects one conception of the subject. 


To summarize, teacher "C"'s rationale for presenting particular 
biological knowledge appears to be directly linked to provincially 
prescribed requirements. He appears to conceive of his position as a 
dispenser of information. He collects the information related to the 
prescribed requirements and then transmits this to students without 
interpretation. This view of the teacher's rationale was reinforced 
when teacher "C" discussed how he presents his lesson material so that 
it closely reflects the material of the authorized textbook. The 


teacher indicated he was not an expert in biology; therefore, he could 
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not question the content of a textbook nor the manner in which the 


information is presented, 


Teacher "D"'s theological considerations influence the material 
that he presents as biological knowledge. ‘The teacher's religious 
beliefs introduce a vital force to living organisms and thus he 
perceives biology as a science of description. As mentioned in 
Chapter III the question of vitalism is usually considered of 
historical interest. Hein (1972, p. 160) argues that vitalism is a 
historic controversy that is meta-theoretical in nature. That is, 
meta-theoretical concepts involve fundamental commitments on the part 
of their supporters which do not depend upon scientific evidence for 
retention nor will they be shaken by contrary evidence. Hein contends 
vitalism is such a concept and the supporters’ commitments are based 
upon primary attitudes or "political" orientations which may have 
psycho-sociological explanation. She further argues these primary 
attitudes are not subject to rational justification. The supporters' 
attitudes determine what sort of justification is regarded as rational 
and, therefore, what sort of evidence is acceptable for the 


establishment of scientific conclusions. 


Teacher "D"'s conception of a vital force is in agreement with 
Hein's position. The primary attitude of teacher "D" is that there is 
an essential dualism between life and matter and that he is mentally 
satisfied with the distinction. His comments that biology deals with 
"how" organisms work and theology deals with "why" they work 
demonstrate that he has established such a dualism. With the 


establishment and acceptance of a fundamental dualism biology is 
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concerned with describing observations of reality. Teacher "D" 
accepts biology as an empirical method which permits individuals to 
describe the natural world. In addition teacher "D" conceives the 
Baconian scientific method as the structure by which knowledge is 
produced. In his view proper application of the scientific method 
results in certain knowledge. Consequently teacher "D" presents 
detailed description of empirically derived information to students. 
Occasionally he mentions the unique or special attributes of life but 


the content of his lessons is mainly description. 


(c) Reflection of the teachers' conceptions of biology and biological 
knowledge in their lesson presentations 


Teacher "A"'s view of biology as an amalgamation of a body of 
knowledge plus a discipline is conveyed in his lessons. He transmits 
the impression that biology as a science is somehow larger and more 
encompassing than just knowledge and a method. Occasionally during 
the lessons he provides instances of conflicting theoretical 
information or alternate explanations that convey the message 
biological knowledge is tentative. He also indicates to students that 
the scientific method is the most reliable way of knowing the world 
but it is not the only way. To illustrate this point he occasionally 
refers to theology as an alternative method. Associated with teacher 
"A"'s conception of the discipline of biology is the idea that it is 
in some way special. He presents biologists as individuals who have 
unique capabilities that are essential for understanding and 
appreciating many of the complex concepts involved in advancing the 
field. In this way he presents biology as a field that is open to 


selected individuals who deal with elitist knowledge. 
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Teacher "C"'s lectures suggest the idea that biology is a 
systematic, logical process that results in knowledge which is 
applicable. There is a pragmatic orientation to his philosophies of 
biology and education. He views biology as a way of gaining 
information about an individual's perceptions of reality and connects 
this philosophy of biology to an educational philosophy. In his view 
students live in the world; therefore, they need to know basic 
biological principles to exist in that world. His educational 
philosophy appears to involve a theory of learning that if detailed 
information is presented in small coherent packages and relationships 


are pointed out, students learn the appropriate fundamental principles. 


The information he presents is conceived as being neutral and 
value-free because it is the result of the objective scientific 
method. He perceives the biological enterprise in this light and as a 
consequence also attributes the same characteristics to biological 
knowledge. In effect, he perceives knowledge as an end-product of a 


process which is free of man's influence. 


Teacher "D"'s conception of biology as previously mentioned is 
based on a strong religious belief. This belief influences his lesson 
presentations because he views biology as a method which describes the 
natural world. The teacher conceives of objective scientific 
knowledge existing in the world and biology as one way of uncovering 


part of this knowledge. 


Teacher "D"'s categorization of biology as a descriptive science 
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has implications for his presentation of biological knowledge. By 
conceiving of biology as a study that is separate from the life 
condition the teacher implies biological knowledge is achieved by 
carefully but passively perceiving and studying the concrete aspects 
of reality. Once a perception is obtained a verbal description is 
generated which corresponds to the perception. The teacher is 
employing a correspondence theory of knowledge and by doing so he 
implies several things to the students. One, biology is a method that 
if skillfully applied uncovers biological knowledge. Two, biological 
knowledge exists as an object in the world. Three, a correspondence 
view of knowledge validly reflects reality. And four, biological 
knowledge is not influenced by factors such as the biological 


enterprise, culture or the individual biologist's interests. 


In summary, the analyses and interpretations of teachers "A", "C" 
and "D" demonstrate they present the subsection of nutrition in three 
different manners, but there are many commonalities to the conceptions 
of biology and biological knowledge that are presented. There is a 
recognition of the importance of teaching the basic biological 
principle of energy transformation but it soon is replaced with the 
teaching of specific detailed information. All three teachers employ 
teaching modes that control student involvement. Student involvement 
is either limited to clarifying instructional matters or asking 
inconsequential questions. Teachers who encourage student—initiated 
questions have developed methods of indicating to the remaining class 
members that such points are unimportant and they are not considered 


part of high school biological knowledge. 
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The subject perspective that is presented by teachers "A", "C" 
and "D" varies, but they tend to conceive of biology as a method which 
follows the scientific method and ultimately produces certain 
knowledge. The three teachers employ a reconstructed logic in their 
lesson presentations. The use of a reconstructed logic presents 
biology as a completely logical, well-ordered science that employs the 
Baconian scientific method. Consequently, the teachers remove doubt, 
conflict and the creative elements from the science and present it as 
a technical method. Associated with a technical view is a perspective 
of biological knowledge which reifies such knowledge and conceives it 
as gradually accumulating over the history of the science. By 
considering biological knowledge as an object, the teachers present 
the image of experts who transmit information of biological 


discoveries to students. 


B. Student analyses and interpretations 


Introduction 


The transcripts of the students’ informal discussions are 
examined for points that reveal their philosophical positions of 
biology and conceptions of biological knowledge. Of the original 
eighteen student volunteers, five chose not to provide a second 
validation of the researcher's interpretation of their conceptions. 
Therefore, thirteen analyses and interpretations are included in 
Appendix G. The thirteen analyses are separated into three groups on 


the basis of perceived philosophies of biology. The first group has 
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seven analyses, the second group, three and the third group, three. 


Upon examining the individual transcripts, a commonality is 
observed about the students’ conceptions of the discipline of biology. 
The commonality seems to be a focus on the biological enterprise or 
how biologists proceed in scientific inquiries. It is as if students 
conceive of biology as an activity. Usually the informal discussions 
centered on the technique or method employed in performing experiments 
but occasionally the domain and results were considered, Questions of 
value, science and society interactions and the tentativeness of 
biological knowledge were discussed but they were infrequently 


mentioned by the students. 


Since the transcripts include points concerning the biological 
enterprise, the analyses and interpretations were based on this theme. 
In terms of the first group of seven analyses the philosophical 
position illustrated appears to be a modified version of the Baconian 
image of science. The second group consisting of three analyses, 
reflects a modified positivistic view of biology. The three analyses 
in the last group share a conceptual change view (Waterman, 1982, p. 


12) of biology. 
Description of students' modified Baconian image of biology 


A description of a Baconian image of science was provided in 
Chapter III and the seven analyses in the first group employ a 
modified version of this image. The seven students’ conceptions of 


the biological enterprise include a series of steps. For example: 
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Through an open-minded search obtain data from all relevant 


sources; 


Develop a hypothesis aimed at explaining the phenomenon in 


question; 


Develop a series of controlled experiments, suggested by the 


hypothesis, to test the hypothesis; 


Examine the experimental results to determine if they 
confirm or disconfirm the hypothesis. If the results 
disconfirm the hypothesis return to step (b), develop an 
alternate hypothesis and proceed with the method; 


Results that confirm the hypothesis are considered facts and 


thus the hypothesis becomes a biological explanation; 


A similar methodological approach [steps (a) to (e)] is used 
to test a biological explanation and repeated verification 


of the explanation results in the formation of a theory; 


The method [steps (a) to (e)] is used to test a biological 
theory and upon verification the theory acquires the status 


of a law; 


Once again the method [steps (a) to (e)] is used to test a 
biological law and upon verification the law is considered 


certain knowledge. 


- s 


«on ast ne 


Taree ; -_ . : 
me * as wm eh > 
i '» 


~~ “et 


<o vt cena anion oe fe oun 
, Nee forah me aa. Cn 


| oct 2 aheancs o ee am at 

ea tuaay erly 3 .pteecboqyt eet prtRoooeth’ x 

ns dofleva , td Got A Ree OR | 

sooriten oid dai tonoeni bn aledtoays atensedla 

xe Disp. sara wit 

so, einen sa aint 

coi iho mes pat mth 

wid ee Gal — ps 4 aitta telereiall “a 

eee (9 me) sm Helse 2aN08 A, | 
“folteottiney bedesger bas sokpeneigne {sstyoloid 6 3293 OF yy 

eentene fm amb? lial notseae isn edt 300 = 

oinag, Ss rs 

Isoipoloid © died of beau BE He) of (@) ends) shui te ® are 

cane od I Sk AERO HO ER EME npr | 

a  awel 6 Yo 


” 
7 
b 


= Lah an ae 9 Ve ahtgtenes A 


ei ele Dect, 
. | aiaev nog Gas wei sotpofoid vo 


shied ae ‘novi aitleg ¢ = stein sea 6 ss 
| en: wee) S 


194 


The philosophical foundation for this modified Baconian image is 
a combination of elements from empiricism and logical positivism. 
Empiricism contributes the idea that a world of physical objects 
exists and statements about these objects are known to be true through 
sense experiences. The objects of the world are known to exist 
independently of perception and the physical world is perceived pretty 
much as it is. Therefore, knowledge claims of it are justified. In 
addition to the empiricists' realistic view of the world there is an 
inference that observations, hypotheses, theories and laws must be 
subject to an experimental test in principle before they can be 
proposed as elements of science. Included in this inference is the 
idea that experimental verification of hypotheses and so on, results 


in reliable inferences which forms the basis of biological knowledge. 


An element of logical positivism that is included in the 
students' modified Baconian image is that the conceived method is 
rational. Implied within each step, as well as from one step to the 
next step, there is the principle of formal logic. The means for 
determining acceptable evidence as verification of a hypothesis is 
usually a process of induction. The students also infer the use of 
deduction when they argue returning to the hypothesis stage when the 
results of crucial tests do not verify the original hypotheses. The 
implied use of the two forms of formal logic is contrary to Bacon's 
original experimental procedure (Blake et al. 1966). Bacon conceived 
of the experimental method as proceeding without the use of hypotheses 
and without deduction, although in reality he used both hypotheses and 
deduction. The students also incorporate both hypotheses and 
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deduction in their method and this is why their conceptions of biology 


are considered a modified Baconian image. 


The students' view of the biological enterprise is clearly 
reflected in the analysis and interpretation of the informal 
discussions with Pat, Lynda and Debbie. Their view is the biological 
enterprise consists of a series of steps that must be followed ina 
strict sequence in which no step is skipped. To them the structured 
system is based on formal logic and information derived from the 
system is both true and certain. Tony's comments indicate he includes 
the idea of objectivity in the biological enterprise. To him 
observations may be influenced by a person's judgement but within the 
biological enterprise there is a self-correcting mechanism which 
overcomes subjectivity or when subjective results are reported other 
biologists disregard them. There is an implicit faith being 
demonstrated by Tony with respect to biology being objective. The 
idea of objectivity is internally consistent with the idea the 


structured system yields true and certain knowledge. 


Both Pat and Susan's conceptions of biology reflect faith in the 
structured system. According to Susan the experimental procedure 
yields true information provided the procedure is carefully followed. 
To her anomalous results are recorded because of human error. She 
does not consider the possibility that the method may account for the 
anomalous results or that it may be incorrect. Susan's view of 
absolute faith in the structured system is an extreme position but 


similar views are reflected by the other six students. 


195 


——s 


yooldid to atektyenade aiedd yiv ee hodisbas: ited 
opis eal samen 


i Ap et ihe al 


™ 


yliselo éf eazqretns Instpolold ei¥ 20 aang ia 
Lserroltl Sid “te natteennednh Bas’ atevien . 
tesipotoid edit at Wey emt stddet Bits Bbayt< jet de Baus 
i fs te a 42 
boxteounde odd edt ot ° beogide al qede’ oer ddidw! att loa 
ord moxt Sevideb’ noltanrotrk Gels ipod tach a 
sobuylonk sd eauckbink @itocimoo ahynett  AiBdide ‘Bits ‘sing died" 
ante Of! llassietietnlialblés cael 
oti? abddin 30d tromeptet a'nowieg & yd beomsu Lid sd ys: 
dotiiv mekusdtow pikdosr esses af esedt salygzedne’ 
rerito bedseqes och ecinien ovisootdire feel. ysividostdue 
ontod ied stalltepat as et-edod? norky Gxsporeltb’ @ 
cit? .ovidoetide pitted quelli of Joodus1 Maiw ynot yd beseat 
smell ishencesnimenleesneentctl seb 
ea ees a aaa 
cid identi ; 
eysbsoo1q Lsditemireqxs orld mBaue oF priibxcooA umodeye besudsome * 
fevoliok yllutbrm ei emmesost eid dive, moltamaNal’ sexs ebtaky - 
orf2 core nemud to sausced Bébacoes 858 atlveot avdlemons ted OF 
ad? 40% Sniucobs ysor bortten oy Bart yaitidieeoq eit zebtaned tom each 
| to woke esas | tostucoml Gd yam ti 2ecd 10 ativess avolanois 
it he RE ee 
| abi ce a a ys eco ton ous ewe sate 


In summary, the seven students who project a modified Bacon image 
of science conceive the world in terms of a realistic view and they 
believe applying a logically structured scientific method results in 
true, certain knowledge being uncovered. They demonstrate an implicit 


faith in their method providing each step is followed. 


Description of students' views of biological knowledge who conceive 


biology in a modified Baconian image 


Associated with the students' conceptions of biology are 
particular views of biological knowledge. The seven students who put 
forth a modified Baconian image of biology perceive information as 
existing in nature and by the application of their conception of the 


scientific method knowledge is discovered or revealed. 


Generally, the group of seven students see biological knowledge as 


specific statements that describe observations of natural objects. 
They conceive of biological knowledge existing as an object in the 
world and the biological enterprise discovers such knowledge. 
Associated with this view is the idea that knowledge gradually 
accumulates. This means the students are separating man from the 
world, thereby viewing him an an interpreter of what exists. By 
viewing man as being separate from knowledge they do not perceive it 


as a creation that is influenced by culture. 


In discussing the reasons why the students conceive of biology 


and biological knowledge as they do several points become clear. For 
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example Pat stated the reason she conceived of the biological 
enterprise as a series of steps that result in certain knowledge is 
that her school experiences presented biology in that way. Pat 
indicates her view of the biological enterprise is strongly 
influenced by the confirmatory exercises she was required to perform 
during laboratory periods. In the case of Susan, Lynda and Jim they 
indicated their conceptions of biological knowledge are directly 
affected by what they are taught in biology class. Susan conceives of 
knowledge as discrete facts. When she was asked to provide an example 
of biological knowledge she stated "knowing the different blood types 
is knowledge", and "for me it came from Biology 20." Jim also 
conceives of biological knowledge as facts that are taught in class. 
In his words, "alright, well from class I know what carbohydrates 
were, what proteins were and how they're used in your body. Like the 
human body." Jim further indicated his ideas of science and 
scientific knowledge come mostly from teachers. When asked where his 
conceptions came from he stated "mostly from teachers, a lot of it 
from personal reading. I think the best one is the teachers, though." 
It should be pointed out that Jim was an exception to the other 
students in that he frequently read articles in scientific journals 
and made an effort to scan the weekly science column of the local 
newspaper. In addition he also frequently watched science programs on 


television. 


In conclusion, the seven students agree with a logical scientific 
method which, in their view, results in certain biological knowledge. 


Their conceptions of knowledge indicate biological knowledge is not 
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created by the human mind but it exists in the world, Their views 
tended to be absolute. That is, they conceive the biological 
enterprise as a method which yields objective, unchanging information 
that is true and certain. The informal discussions did not reveal a 
tentative conception of knowledge. Also there was strong agreement 
that their views of biology and biological knowledge were the results 
of concepts taught in biology classes as well as the manner in which 


the concepts were presented. 


Description of students' modified positivistic image of biology 


The analyses and interpretations of Judy, Kathy and Lawson 
indicate they conceive of biology in a modified positivistic manner. 
Feibleman (1972, pp. 27-213) outlines a scientific method which is in 
close agreement with the students’ conceptions. The students base 
their view on an experimental method but they are not as rigidly bound 
by the method as the seven students who exhibit a modified Bacon 


methodology. 


Feibleman indicates the following steps are involved ina 


modified positivistic approach: 


(a) Make observations of a specific aspect of nature; 


(b) Collate the data and propose a hypothesis, or 


generalization, by the process of induction; 


(c) Test the hypothesis by a series of crucial experiments to 
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obtain data which either verifies the prediction of the 


hypothesis or shows the hypothesis to be incorrect; 


(d) Analyze the experimental data and accept or reject the 
hypothesis; 


(e) Develop a theory on the basis of verified hypotheses and 


observed facts; 


(£) By a process of deduction develop predictions and test the 


theory by a series of crucial experiments; 


(g) If the theory is repeatedly verified it can be tested as a 
law through prediction and control of a phenomena. That is, 
once a theory is verified predictions are made about 
controlling an aspect of nature and upon confirmation the 


theory is considered a law. 


The philosophical basis for the modified positivistic method is 
empiricism and logical positivism as previously described for a 
modified Baconian image. The essential differences between the two 
versions of the biological enterprise are found in the type of 
observations initially made, the procedure followed when experimental 
results are not in agreement with the original hypothesis, and an 
attitude involving the degree of certainty associated with the 


process. 


at dsdh, .sfigmonedty 2e Joxtaoa tis aoiyoitiexs dguoatt WAL 


: on ae an bs 
J sisal le Ries 
ant 20 notvalbesg oct eoliiiey i vile 
(dosrzenmi edo} aiesritogyal « ote at 

uid pelt. i Sem “a 

ond spatter 30 peer bas sib lal add esyleat 
bibs | pits ty Ee ED 


i hus A oo» me j 
bas sone eae feitiney to stead ad? 9, erry 5 so Laver ( 
| sedost bet 4° 
5 Py | i : «Vi b ba ari 
oft gaat bas eatok to thom qoleveb pee hae to g2s00X4 6 ya 7 


i ae 
re « 


somata Inia 20 solree 4 pas | mi 


i v 

5 es boduad ec go gk eltuxew <ibetneges ak yaoedi ad 2 °) 
sos saa enm Semhsotiont: thie ob RE, 8 PRP fi 
ons anima thane agg fits eindan 99 Joqas ne, eM LTOAIID cy 
as wal 6 bexsbhencs at yroedd = “9 

3 tk 5 atm ape a 7 
“x02 kecouniik Galeniemnae Medes sbeen Isotpol bns 1 nalotuigh .. 

ows ond noawded soonanethth Iskinenas od esa nstnocsd betibom 
to equfvedd al bewoR oun, @eibaqsedtc> Ieokpolotd edt 20 enokexev 
fatnomiraqxs dotiw Kewollot éunbeve2q edt .ebsa yi fstsint anoitevieado 
rte ets suet nae rw soe eT 


200 


The first difference between the two methods is the manner in 
which observations are made. Observations associated with the 
modified positivistic method are directed at a specific aspect of 
nature, thereby indicating a problem or question is directing the 
method. Associated with the directing problem or question are goals, 
intents and purposes which immediately introduce a human element to 
this form of scientific method. The second difference is how 
hypotheses are handled when experimental results do not verify the 
original hypothesis. With the modified positivistic method the 
hypothesis is rejected or modified when results do not support it. In 
the case of the modified Baconian version when a hypothesis is not 
verified a biologist returns to the starting point and develops a new 
hypothesis. There is an indication the original hypothesis and 
experimental results are not used as information for the formulation 
of the new hypothesis. They also intimate verification is total. 
Such a degree of absolutism is lacking in the modified positivistic 
method. The third difference is the students’ attitudes to the degree 
of certainty associated with the process. With the modified 
positivistic method the students are less demanding the method be 
followed in a step-by-step manner but they are also are less confident 


of the certainty of the knowledge that results. 


The three students who exhibit a modified positivistic method 
demonstrate the third point most clearly. In Lawson's case he 
recognizes that elements of subjectivity, intuition, and human error 
influence the biological enterprise but he maintains a faith in the 
ability of empiricism to yield biological knowledge. Kathy's 


conception of biology is also strongly influenced by empiricism, She 


ni reanem add a atortzem ows Oe pat 
ad} dilw Bedbiocess ato Hevieadl 

to joeqes OFikaage 6 25 ie ae a | 
cc con min mo so 
\alsop 916 mobdeaup 20-seLdoxg onde eds ditw t 
23 doamete hoist b savboxink yleduibomel okey nec brs . 
wert ab eomngith bavaee set clin seine 

ori vataav don ob telipags isttomi nse node botbnadt bam, 18 fe 
ori) fositem otjabvitiacg balikbom edt daiw alae bs 

nt tt dxaggna Joa Ob octivesa oedw betttbos 30 bsdoster af ©. 
sos 2k ota © ca notonbw neinooe® baftitont ali 3o eas 
<i ee 
bets aiasdsoqyl isttplro edd mpbtecthat as at oxedt 
notdetinsc® ode 26 waist ae Babb on oe aBuzaws 
Listes at dotssoritsen Sapnijad! ata eet zivodte 
oisetvid bec vote et if bloat et uaa ae 
venjed ods 0 eebastie Sembadl add ob sonesh bad 
|  petRibom ott ier ‘pasbg'edd diiw hetstoosas ¥ 
od bodsom add gatinaneh ane #18 ednabuta act foram ¢ 
rin cnt wi tp Yl hr se 8 at 


Ci a nnd aa 4 
Ate; tam. | 


noc ised a ne odw binebuda souit oft 


af eaeo sinoawal of dia i cn Sd oa seer 

xor19 nssont Sis yO b3 inte a ; ivisvetd te einemalo tad? eos imooss 

od? mi dite? 5 entosnten oe jiid opbagredi Isoivolokd ond conecfa 

gta PR a eaintnigae % While 

i siatatnabs “eenoneinae at ypoloid to 
a. _— 


201 


incorporates intuition and interpretation into her conception and by 
so doing introduces tentativeness to biological knowledge. She is 
aware that introducing doubt to her conception of biology means the 
resulting knowledge is also questionable. At present her faith in the 
modified positivistic process is strong and therefore she accepts the 
ability of the system to yield valid and reliable knowledge. Judy's 
conception of biology is a method that results in applicable and non- 
applicable knowledge. Judy's conception of biology is a practical way 
to gain information so that problems are solved. She conceives 
scientific questions and hypotheses growing out of prespecified goals. 
Such goals are determined by societal problems. Judy holds the notion 
that biological knowledge is partially determined by the scientific 
community. She stated an element of consensus is involved in 
biologists accepting experimental results as knowledge. This is in 
direct contrast to the idea of the modified Baconian image where all 


verified experimental results are considered certain knowledge. 


Description of students' conceptions of knowledge who conceive biology 


in a modified positivistic manner 


The elements of a realistic view of the world are found in the 
three students' conceptions of biological knowledge. They conceive 
biological knowledge to be the result of the modified positivistic 
method in which the reality of the natural world is reflected in 
experimental results. Typically, they conceive of knowledge as 
information about nature or ways such information is discovered. The 


information is discovered by a research method which includes 
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controlled experiments because it is necessary to verify an 
experimental result before it is considered knowledge. The three 
students perceive biological knowledge as gradually accumulating but 


they do not perceive it resulting in ultimate truth. 


In regards to influential factors in their conceptions of biology 
and biological knowledge the three students clearly identified lesson 
content and the manner in which the content was presented to them. In 
the second validation discussion Kathy stated "As students, from the 
beginning of grade school, we are conditioned to believe that 
textbooks and teachers taught material which is thought to be 
absolutely true." In the case of Lawson and Judy they identified the 
lesson content from a Biology 20 and a Grade 7 science class, 
respectively, as influencing their conception of biology and 
biological knowledge. From these statements it can be seen students 
are presented with a view of biology which they accept as true because 
it is provided by teachers and textbooks. The students are 


conditioned to accept what is presented and not to question it. 


In summary, the three students who conceive biology ina 
modified positivistic manner base their conceptions on aspects of 
empiricism and logical positivism. As such their conceptions of a 
biological method and biological knowledge are closely aligned with 
the students who adopt a modified Baconian image of science. The 
major difference in the modified positivistic view is the students are 
less rigid in a research method and they conceive knowledge as being 


more tentative. 
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Description of students' conceptual change image of biology 


Waterman (1982, p.12) identifies a conceptual change theory of 
scientific knowledge began as an alternate conception of science in 
response to perceived difficulties in the empiricist, logical 
positivist and Popperian falsificationist philosophies. Waterman 
identifies Kuhn (1962), Lakatos (1970) and Toulmin (1972 as some of 
the major theorists in this area. Besides these individuals Polanyi 
(1962) and Feyerabend (1975, 1980) also contribute to the conceptual 


change theory. 


One of the major criticisms of empiricist, logical positivist, 
and falsificationist theories of scientific knowledge is the 
ahistorical treatment of science and a disregard for the actual 
practice of scientists. The conceptual change theory attempts to 
overcome these difficulties by examining science in light of its 


historical record and presenting real-life activities of scientists. 


The view of the world included in the traditional theories of 
scientific knowledge is a form of realism. The theories present a 
correspondence view of knowledge and thereby argue the link between 
the world and the mind results in a source of truth. The assumption 
of realism is that personal observation is a process of accurate 
perception of reality. Polanyi (1962, pp. 105-120) uses examples of 
Rubin's ambiguous picture 'vase or faces', mimicry in insects, as well 
as illusions to demonstrate how perception differs when an individual 
concentrates on the foreground or the background of an image. Polanyi 


suggests perception is not an accurate process by which the truth of 
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reality is revealed. Conceptual change theorists argue that 
perceptions of reality are context bound. That is, observations 


depend upon theories and experiences. 


A second major criticism of the traditional theories is the use 
of reconstructed logic as the rational method of science. Kuhn's 
(1962) work on sociological aspects of science, Toulmin's (1972) 
contention that rationality requires the substance of a discipline and 
Feyerabend's (1975, 1980) position that science is nonrational and 
messy all developed from the idea that there are other aspects to the 


rational method of science. 


The concept of rationality in the conceptual change theory 
includes reasons for people changing their concepts. Kuhn (1962) 
suggests changes are revolutionary and individuals working within a 
paradigm tend to collectively question their beliefs and with a leap 
of faith replace their old beliefs with a new set of beliefs. Toulmin 
(1972) argues for a more evolutionary approach in which some beliefs 
are changed but others remain the same. Toulmin also suggests the 
change in beliefs occur rationally which is in contrast to Kuhn's 
position. Another element of the conceptual change theory is the way 
scientific progress is viewed. According to Lakatos (1970) progress 
involves the fruitfulness of a research program. If empirical content 
is expanding and new facts are anticipated, the research program is 
considered progressive. As such, progress is conceptual change and 


development. 
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The major points of the conceptual change theory of scientific 


knowledge are summarized as follows: 


(a) Scientific knowledge is conceived as changing and evolving 


bodies of concepts and theories; 


(b) The state of a discipline and other components of 
rationality provide criteria for choosing among hypotheses, 


theories and evidential claims; 


(c) Theories are generated and selected by components of 
rationality instead of being directly derived from observed 


facts; 


(d) Observations are influenced by what is known. There is not 


a direct link between observations and knowledge. 


Three students, Allen, Joel and Paul demonstrate some aspects of 
the conceptual change view in their conceptions of biology and 
biological knowledge. The three individuals base their conceptions in 
empiricism but they introduce elements of human influence to the 
formation of knowledge. For example, Allen conceives the biological 
enterprise in terms of the scientific method but when hypotheses and 
theories are developed he indicates components of rationality other 
than formal logic are involved. To him, a biologist's judgement is a 
factor in theory formation as well as the acceptance or rejection of 
that theory. Joel also reflects the position put forth by Allen but 


Joel discusses it in terms of a biologist's creativity. To Joel the 
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methods used in biology are partly created by the biologist and partly 
dictated by the question being investigated. He does not perceive the 
biological enterprise as following a step by step method every time. 
Paul's conception of biology is the most extreme position adopted by 
the students involved in the study. He introduced subjective elements 
of hunches and feelings to the discipline and maintained they were 
part of the scientific process. He indicated the subjective elements 
are involved in the formation of hypotheses, theories and knowledge. 
This point illustrates that Paul does not consider knowledge to be the 
sole product of verified experimental results. It appears his 
conception of biological knowledge is based on a common sense view of 
how individuals make sense of their world and function within it. He 
extends his common sense view to biologists and expects them to 


function in a similar manner. 


Description of students' conceptions of knowledge who conceive biology 


in a conceptual change manner 


Although the three students apparently share many of the 
attributes associated with a conceptual change image of science and 
scientific knowledge there is a tendency for them to conceive 
of biological knowledge as information verified by experiment. 
Despite their conceptions of biological knowledge being closely 
related to the previous two groups Paul, Allen and Joel indicate 
cultural factors influence knowledge formation. Paul and Allen are 
also aware that the introduction of cultural factors automatically 


removes certainty from biological knowledge because interpretation 
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becomes a consideration. 


In terms of the three students’ conceptions Paul and Joel 
identified influences within specific science classes that affected 
their views of biology and biological knowledge. In these classes 
alternate ways of knowing and different aspects of the development of 
the scientific enterprise were presented. Paul and Joel stated the 
lesson content presented under the topic of "the nature of science" 
made them view science in a different way. In Paul's case he also 
identified outside influences such as Zukov's (1979) The Dancing Wu Li 
Masters, his religious beliefs and a conscious effort to weigh as many 
sides of an issue as possible before making a decision. Allen was 


unable to specify factors that influenced his conceptions. 


In summary, the three students who exhibit a conceptual change 
view of biology conceive the discipline to be a human endeavour. In 
addition, they view biological knowledge as reasonably stable but it 
is subject to change. Also they believe what is accepted as knowledge 


is subject to interpretations by biologists. 


An overall summary of the conceptions of the thirteen students 
indicates that the majority view biology and biological knowledge in a 
traditional manner. Biology as a discipline is conceived as a branch 
of science which employs a structured method to uncover facts of the 
natural world. It is further conceived that the knowledge revealed by 
the structured method is true, certain and it gradually accumulates. 


In contrast, three students incorporated elements of a theory that 
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indicates the biological enterprise is not as structured as formally 
suggested in science classes. The same three students also indicated 


biological knowledge is culturally influenced. 
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CHAPTER V 


THE ONTOLOGY OF BIOLOGY TEACHING 


Introduction 


Chapter V of the dissertation examines the ontological questions, 
"What is it like to be a biology teacher?" and "What is it like to be 
a biology student?" Because the dissertation looks at the nature of 
teachers' and students’ conceptions of epistemological aspects of 
biology and biological knowledge, this chapter examines the ontology 
of biology teaching from both teachers' and students' perspectives. 
The first section of this chapter deals with the teachers' 
perspectives while the second section deals with the students' 


perspectives. 


The philosophical grounding 


Ontological questions are questions that deal with the nature of 
being and are grounded in existential phenomenology (Rothe, 1978, p. 
28). This branch of philosophy has several premises as its basis. A 
major premise of existential phenomenology is man searches for meaning 
of life, mind and reality. Followers of this philosophy maintain that 
as man is a conscious, intentional being it is impossible for an 


observer to separate himself from the world. 
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The thought that man is both in the world and conscious of the 
world is reflected in Gadamer's (1975) concept of historicity and 
Schutz's (1962, 1967, 1970) analysis of the world of daily life. The 
importance of viewing man in this dual position is that a reciprocal 
influence exists between man and his world. Because man influences 
and is influenced by the world, he gives meaning through his actions. 
In an attempt to study the question, "What is the meaning of biology 
teaching?" teachers' and students' actions are examined. To assist 
answering the question individuals' actions are examined with respect 
to the four concepts of freedom, choice, practical reasoning and 
responsibility. Rothe (1978) suggests the four concepts link 


education and existential phenomenology. 
1. Being a biology teacher 


The situation within which a biology teacher exists has a bearing 
on his conception of teaching and it illustrates Rothe's first concept 
of freedom. Conditions imposed by a situation influence a teacher's 
conception of individuals. For example, one teacher described the 
school as being located in an "upper-middle class area with 
professional parents" and a student body which is characterized by "an 
above average I.Q." He stated "the guidance people insist the average 
I.Q. of the student body is equal that of first year university 
students." The teacher implies that his "academic teaching style" is 
a result of these socio-economic terms. To the teacher an academic 
teaching style is basically the presentation of information in which 


he "tries to get students to mentally make connections of three or 
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four items." The example illustrates situational influences and 
brings out the concept of freedom. The teacher feels his freedom to 
teach in a particular way is controlled by his colleagues' comments as 


well as his own perceptions of the situation. 


The second concept of choice is demonstrated in that teachers 
indicated they feel situational constraints on their freedom to select 
and present subject content. One teacher indicated his freedom to 
choose subject material was eliminated because the curriculum guide 
specifies what is to be taught as well as the amount of detail and the 
amount of time to be spent on particular concepts. Generally the 
teachers feel a moral and legal obligation to adhere to the course 
description provided in the curriculum guide. All three teachers 
mentioned "time constraints" when asked why they present certain 
concepts but not others. For example, one teacher justified not 
elaborating on a point by stating he was under a time constraint 
because there was an excessive amount of material in the curriculum 


guide to cover. 


The preceding points are contrasted by one teacher's comment 
"When I close that [classroom] door the system does not control me. I 
can teach almost anything I want and hardly no one can change that." 
The comment demonstrates part of being a biology teacher is perceiving 
situational constraints on academic freedom but maintaining a false 
independence. In one case a teacher accepted the situational and 
governmental constraints passively and viewed biology teaching as 
transmitting information according to the curriculum guide and 


authorized textbook. The second teacher was aware of academic freedom 
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but judging by the content of his lessons he never exercised it. The 
third teacher was mainly concerned with situational constraints 
expressed by his colleagues and he adjusted his teaching style 


accordingly. 


The concepts of freedom and choice are related for the three 
teachers because each one's perception of being denied freedom means 
not being able to choose the biology curriculum. Instead the teachers 
conceive the curriculum as being imposed by an outside authority. The 
major decisions become the order in which the lesson material is 
presented and the manner in which the content is presented. The 
concept of choice has been effectively reduced to an irrelevant level. 
Biology teachers recognize the lack of curriculum alternatives and 
they perceive their position in the organization as lacking decision 


making power. 


The insignificant decisions are justified by the teachers using 
Rothe's third concept of practical reasoning in which pragmatic, 
personal and situational motives play a dominant role. For example, 
the three teachers adopt different teaching modes, stress different 
subject content and two of them provide practical reasons for teaching 
biology as they do. During the first validation discussion one 
teacher stated he personally believes that biological knowledge is 
open to interpretation but he rationalizes his authoritative 
presentation of biological knowledge in terms of students' futures and 
his own personal career. The teacher rationalizes that students are 
competing for positions in post-secondary institutions and the work- 


force and the subject content needs to be as specific as possible so 
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that the students have the greatest opportunity to achieve high 
examination scores. In terms of his career, he indicated a teacher's 
ability is judged by administrators on the basis of efficiency and 
students' final examination results. Implicit within this statement 
is the thought that teaching ability is measured by students' grades. 
A further implication is that if a teacher has aspirations of 
promotion he teaches specific examination related details in such a 
way that students’ grades are maximized. These implications are 
consistent with the manner in which the teacher presented his lessons 


thereby showing practical reasons influence educational decisions. 


A second teacher bases his conception of biology, teaching style 
and educational rationale in practical terms and removes the 
philosophical element. In discussing the purpose of high school 
biology the teacher's statement "What I'm trying to do is present ..., 
At the point when I'm presenting some fairly specific basic 
information, so that students will have some information to carry on." 
indicates he conceives of biology as a collection of factual 
information and his function is to transmit this information to 
students so that they are able to function within the world. The 
teacher reduces biology and biology teaching to practicalities. 
Within this reduction the teacher is implicitly rejecting philosophy 
of science as a discipline. The following excerpt from an informal 


discussion demonstrates his view of philosophy: 


Teacher: ee» I don't know, I mean we're getting intoa 
lot of philosophy of science. I avoid that. 


B: You avoid philosophy of science? 
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Teacher : Ya, I avoid philosophy. Period. 
B: Why is that? 
Teacher: Because it is so uncertain. If everybody has 


their own approach ... 


The excerpt reveals a teacher who believes the philosophy of 
science clouds biological concepts and it is easier to understand such 
concepts if they are presented as information which is not open to 
interpretation. The teacher's lessons reflect a view of this nature 
because his lesson material is presented as absolute. To this teacher 
the practical reasons of ease of learning and the necessity of 
students being aware of specific biological information are justification 
for conceiving biology as a collection of information and viewing a 


biology teacher as a person who simply passes information to students. 


To summarize, practical reasoning enters a teacher's conception 
of what it is to be a biology teacher. In one case a teacher focused 
on personal reasons for his future career. A second teacher justified 
his choice of teaching mode and lesson content on educational grounds. 
The educational grounds included ease of learning and the necessity of 
students being aware of specific biological information. He views 
information presented in an absolute way as easier to learn and he 
also considers such facts beneficial to students. The third teacher 
justified his teaching mode through learning theories. He conceives 
his manner of presentation as assisting students to learn what is 


important. 


Rothe's fourth concept, phenomenological responsibility, was not 
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exhibited by the three teachers. The three teachers presented 
rationalizations of time constraints when confronted with justifying 
the choice of material presented. One teacher indicated the 
curriculum guide is to be followed in detail thereby implying it is 
impossible to teach all sections adequately. The second teacher 
indicated his preferred manner of teaching and conception of 
biological knowledge is different from that which he presents but 
because of situational factors he adopts a manner which ensures his 
personal success. ‘The third teacher also justified his biology 
teaching by arguing he cannot go against the educational system's 
practice of stressing information because the students' grades suffer. 
The rejection of responsibility has meaning for being a biology 
teacher. One meaning is that biology teaching does not involve making 
Significant choices because their freedom is restricted and they 
perceive their organizational position to be powerless. A second 
meaning is that biology teachers assign educational responsibility to 


outside authorities. 


As a summary of "What is it like to be a biology teacher?", the 
three teachers present an image of a person who is controlled by 
outside forces. The description they project of a biology teacher is 
an individual who makes minor educational decisions amid a number of 
situational forces. The situational forces include a provincial 
authority which dictates curriculum content in excessive detail, an 
educational system which encourages the presentation of information 
for testing purposes, colleagues establishing expectations of 
students' abilities, and personal ambitions. The image of a biology 


teacher that is presented by the three teachers is a person who 
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recognizes deficiencies in positions advocated by the situational 
forces but the individual biology teacher chooses not to act. Action 
is discounted because it is perceived to be at the expense of 
students, therefore, the teacher accepts the position imposed by 
situational forces. Another aspect to this image is the passivity 
that is projected. A biology teacher is presented as an individual 
who does not react to outside forces; he merely accepts them and 
presents biological knowledge in way that satisfies the greatest 


number of outside forces. 


2. Being a biology student 


Although individuals conceive of themselves as independent the 
extent of their freedom is partially determined by their situation. 
The students who participated in the study were in highly structured 
situations, in both an organizational as well as a physical sense. 
Organizationally the three teachers moved toward similar, if not 
common, objectives, used identical materials and engaged in similar 
activities to achieve their goals. In the three classes the students’ 
activities were organized around explicit, unambiguous questions and 
in two of the classes confirmatory laboratory exercises were part of 
the teaching. Once again the laboratory exercises required students 
to answer specific, detailed questions in which there was little room 
for interpretation. The lack of freedom is demonstrated in this 
description of a laboratory exercise that was followed by a series of 


questions and answers: 


The students were provided a worksheet describing a procedure to 
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illustrate stomata closing and opening, respectively, when a wet mount 
of the lower epidermis of a geranium leaf was flooded with a 5% salt 
solution and distilled water. The worksheet instructed the students 
to develop hypotheses concerning the opening and closing of stomata 
under normal conditions. After the students made their observations a 
series of questions was posed by the teacher. The following excerpt 


illustrates typical explicit questions: 


A: So these are guard cells and that will be a stomate. That 
stomate is a hole that can change in size. How did you 
change its size? Debbie? 

Debbie: When we added the salt solution. 

A: You added salt solution. And what happened to the size of 
the hole? It shrunk. I don't know if I have a photograph of 
that or not. Let's see. Would that be the way it would 
appear after salt solution? [3s p] 

Student: Maybe on the upper one. 

A: Maybe on the upper one. Not the one in the centre? 


Student: ---. 


The question and answer sequence continued until the teacher had 
presented an explanation of stomatal regulation. Toward the end of 
the class teacher "A" indicated there are other theories regarding 
this phenomenon and suggested that some observations are in 
disagreement with certain theories. The students were left with the 
impression that the major points of the explanation are known with 


certainty; it is only the minute details that are in dispute. 


The following excerpt from a student's validation remarks 


illustrates her perception of the lack of freedom in high school 
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laboratory exercises: 


Pats: 


At the time of our discussion my biology background was not 
very extensive and in fact all experimentation in any high 
school level is done in a very orderly fashion. Students are 
simply required to carry out the steps that are provided by 
their teachers. I think at that time, I believed that 
experimentation was only done in this manner and conclusions 
were only in agreement or contrast to the hypothesis. 


On page (346 of Appendix G) you say that "any experimental 
results must be considered correct." This is proof of the 
experimental procedure I had been exposed to where the 
hypothesis, observations and conclusions are already known 
and I had simply to perform the steps correctly. From my 
view the results of the experiments were always correct 
because they were given to me before my experimentation ever 
began. 


Her comments demonstrate that structured teaching modes and lesson 


content leave students with an image of biology in which hypotheses 


are clearly supported or rejected. Further, observations result in 


data which are completely used in arriving at a conclusion. Students 


never encounter extraneous data. The image of biology Pat formed is 


one that 


is ideal. Biological experimentation is directly linked to 


empirical verification in which the standards of validation are not in 


doubt. A sense of certainty is being projected throughout the 


discipline. This includes empirical procedures and extends to what is 


considered biological knowledge. 


Student freedoms are removed by the organizational methods of 


teachers. 


As a result biology is conceived as a highly structured 


system dealing with empirical verification. The students are exposed 


to reconstructed versions of biology which become idealized. 


Associated with such an idealized version is a constant under-emphasis 
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of disagreements about methodology, anomalous results, and other 
aspects of biologists' activities. Since students' freedoms are 
strongly controlled by situational factors, students within the three 
classes are denied choices. If being involves choosing and reasoning 
within a situation, students from the three classes are denied the 
opportunity of becoming biology students because their choices and 


freedoms are limited. 


There are students who are perceptive, in retrospect, to the 
amount of control exercised by teachers in classroom situations. This 
point is demonstrated in an extract from a student's letter concerning 


the validation of the interpretation of her conceptions: 


Kathy: As students, from the beginning of grade school, we are 
conditioned to believe that textbooks and teachers taught 
material which is thought to be absolutely true. My idea of 
a fact is defined through the theory that the idea must be 
scientifically proven through experimentation. 
Unfortunately, scientists are liable for the interpretation 
of the results of the experiments he performs. Therefore, 
the results may have different interpretations if the 
experiment is performed by other scientists. Facts would be 
considered to be true only if the results of an experiment 
are universal, performed by many people. 


Kathy's comment regarding conditioning is revealing because it 
alludes to an image of biology teachers moulding students' conceptions 
of biology and biological knowledge. During the informal discussion 
Kathy admitted she accepted biological knowledge as being valid 
because she did not consider doubt as an attribute of such knowledge. 
This means she accepted the material presented by teachers and 


textbooks as absolutely true and viewed biology as a method of 
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yielding certain knowledge. For this to happen, Kathy was not 
presented an opportunity to make a choice concerning aspects of 
biology. It appears an idealized version was presented to Kathy 
resulting in a view of biological knowledge which is considered 


absolutely true. 


As practical reasoning is concerned with choice and action 
directed toward an intentional act (Rothe, 1978, p. 31) it is apparent 
Students' reasoning centres around learning specific information for 
examination purposes. The students’ choices and actions are directed 
by teachers comments. For example, students conclude that the 
important information consists of details to be memorized as a 


result of these teacher's comments: 


eee I recommend strongly that that formula that you see there 
in front of you, that you commit it to memory. You must know 
that formula because that formula tells you an awful lot of 
things ... 


... And I recommend strongly ... I'm not going over the 
structure of a leaf with you. I did one day very quickly. 
Make sure you know about the cuticle, epidermis, function of 
the epidermis, palisade mesophyll, spongy mesophyll, that 
there's veins composed of xylem and phloem tissue, lower 
epidermis, guard cells and stomata. Know the structure of a 
leaf. It's found on page 166 and there's a diagram there you 
should know. [27s p] ... 


.s- Any questions about this [14s p]. You think you could 
reproduce that [flow-chart] do you? ... 


... O.1K. You should be able to reproduce that. O.K. Most, 

of you remember back to when we just began the whole course, 

I talked about being able, at the end of a day or at the end 

of a unit, start with the general concept and from there work 
your way down. ... 


The teachers' comments influence students' perceptions of what is 
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considered important. Frequently students repeat the concern about 

lesson details for examination purposes as Dick's questions show: 

Dick: Ah, two questions. Ah, one, would it help when we study for 
the test to draw out the diagrams --—- to each other? And if 
we do ah, is that the first question, a that's the first 


question. And if we do where would ATP and NAD come in on 
the dark reaction? 


Since practical reasoning constitutes the meanings an individual 
gives to his situation (Jehensen, 1973), it is apparent students 
associate being a biology student with learning specific information 
for examination purposes. Students leave the impression with an 


observer that they are only concerned with examination results. 


Rothe's fourth concept, responsibility, includes an element of 
being accountable for the choices an individual makes. In being a 
biology student there is a shift from being accountable for choices, 
to being accountable to a biology teacher. The shift is related to 
the lack of freedom and choice available to students. When biology 
teachers control the organization of the biology curriculum students' 
responsibilities are reduced to satisfying teachers’ expectations. 
Students are expected to enter the teacher's system of meaning. Those 
who are capable of adjusting their conceptions of biology and 
biological knowledge to be in close agreement with the teacher's 
conceptions are considered to have learned. Students who adjust their 
conceptions do so by accepting a biology student as an individual who 
is intellectually responsible to a biology teacher. The shift of 
responsibility from making choices to being accountable to another 


person shapes intellectually submissive, passive students. 
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The preceding chapter was an attempt to examine the ontological 
questions of "What is it like to be a biology teacher?" and "What is 
it like to be a biology student?" The first section of the chapter 
established being a biology teacher is strongly influenced by 
situational factors. Generally, being a biology teacher involves 
balancing outside forces with a personal educational philosophy but it 


appears outside forces tend to predominate in decision making. 


In summary, being a biology student involves accepting a position 
in which you become intellectually dependent upon a teacher for your 
conceptions of biology and biological knowledge. Students, who are 
judged successful by biology teachers, are individuals who give up 
their freedom and ability to make intellectual choices. Being a 
biology student includes submitting intellectually so that the 
teacher's conceptual scheme is accepted without question. Students 
are not consciously aware of being intellectually dependent until 
questions are posed which causes them to reflect on their conceptions 
of biology and biological knowledge. A conditioning process operates 
within biology classes so that students perceive their purpose as 


learning particular points of a teacher's conceptions. 
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CHAPTER VI 


DISCUSSION, CONCLUSIONS, RECOMMENDATIONS, SUGGESTIONS FOR FUTURE 


RESEARCH AND PERSONAL REFLECTIONS 


Introduction 


In this chapter the major findings of the study are discussed in 
relation to three thesis questions. Some educational implications of 
the study are followed by recommendations for future research. The 
chapter and dissertation close with a section including a general 


summary, conclusions and personal reflections. 


What are the teachers' and students’ conceptions of high school 


biology? 


Teachers 


With respect to establishing the teachers' conceptions of high 
school biology the study involved the processes of observing, 
transcribing and interpreting classroom lessons as well as 
transcribing and interpreting individual informal discussions the 
researcher held with each teacher. The interpretations attempted to 
clarify individual teacher's conceptions of biology and biological 


knowledge. 


BIDE 


astm. son teatatianen .canneameiaelae a . 
conc REN EMRE 


+ yeu @ aes OT) (tabP Rae ge 


= alae a ° Sa oe oe 
to anoisact igak Ianokteodie smog paainemtp aimed? 50388 92 tots 


on " Sy ty ons rfl 


al ae 


a ee aa 
Sek > Mineae Reet 8 a a 
we Liew ap ancaael migzaesin piitexqieint bas py ) = | 

od eimtesupelh Lamotnd teubtvitit patvesqiedal bos patdisoens? | 

od bedqmetts anolistoyzietnt aiff stetiosad rinse dtiw bled sedorss2es 


ispipelotd brs yoolotd: te — a'xeosed Isubivibal ahekb 


Teacher "A"'s conception of high school biology is based in a 
philosophy of realism in which there is a direct relationship between 
what is perceived and what is known. To teacher "A" biology is a 
logical, structured process which examines questions arising from 
perceptions of the natural world. According to the teacher the 
process used in biological investigations is a Baconian one and the 
advantage is resulting knowledge is known with a high degree of 
confidence. Teacher "A" describes himself as a "Baconian" and he goes 
so far as to state that the five steps of the scientific method 


reflect his view of biology. 


Despite the teacher's own perception of his conception of 
biology, observations made by the researcher indicate teacher "A" 
tends to conceive and present biology in a modified positivistic 
Manner. For example, teacher "A" does not advocate a non-directed 
collection of all data prior to beginning the experimental phase of a 
research project. He indicates a biologist's observations are 
directed at specific aspects of nature. This demonstrates a 
particular perspective prior to the observation phase. Within such a 
perspective there is the idea that the selection of data is not 
arbitrary. The perspective permits the observations but it also 
conditions them. Teacher "A" argues for the tentativeness of 
knowledge derived from the scientific method. This point is counter 
to the Baconian image where confirmatory results are accepted as 
certain. Despite these subtle differences in teacher "A"'s conception 
his lesson presentations stress an idealized image of the discipline 


that is strictly logical, the research aspect is subject to empirical 
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verification with no external influences, and progress is a linear 
process of gradually adding to previous discoveries. Teacher "A"'s 
lessons convey an image of a discipline which deals with complex 
knowledge and individuals who choose to be involved in the discipline 
have special attributes. Teacher "A" presents biology as a 


prestigious endeavour. 


Teacher "C" bases his conception of high school biology firmly in 
empiricism. His view of biology is reconstructed from textbooks and 
confirmatory laboratory exercises performed during university courses. 
His perspective of the physical world closely matches Hospers (1967, 
pe 494) description of naive realism. Teacher "C" maintains an 
individual's perceptions reflect the physical world and the use of 
controlled experiments results in knowledge which is certain. Within 
the teacher's realistic view is the idea that an individual's sense- 
impressions are caused by the physical things themselves. With this 
firm view of the physical world teacher "C" conceives of biology as an 
empirical process which reveals characteristics of nature. His 
conception of high school biology is viewed more from an educational 
perspective than from a scientific perspective. For teacher "C" an 
important aspect of biology education is the idea students require 
specific information to understand their world. To him, biological 
information is revealed by the scientific method and his function as a 
biology teacher is to pass such information to students. Teacher "C" 
accepts textbook information in an acritical manner and presents it as 


if it were certain. 
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Teacher "C"'s lessons present a consensus theory of biology. His 
lessons lack elements of "disagreements over methodology, goals and 
other elements that make up the paradigms of activity of scientists" 
(Apple, 1979, p.89). The teacher's conception is limited to a 
reconstructed view in which attributes such as doubt, intellectual 
conflict, subjectivity and non-rationality do not play a part. 
Teacher "C" presents biologists as passive observers who employ a 
totally objective, logical method which allows them to deduce 
conclusions that are justified and thereby establish categorically 


true knowledge. 


Teacher "D"'s conception of high school biology is based in 
empiricism just as the other two teachers' conceptions are, but 
teacher "D"'s rationale rests on a religious foundation. He separates 
fundamental questions of the living condition from biology and assigns 
those questions to theology. By doing so, biology is conceived as a 
descriptive science which employs a modified positivistic method. To 
teacher "D" the scientific method is a process which results in 


knowledge that is known to be certain. 


Teacher "D's lessons leave the impression that a higher being is 
responsible for creating a series of unchanging natural laws and it is 
these laws that govern nature. This message infers that man is 
capable of describing attributes of nature by the application of the 
scientific method. In his conception of biology there is a strong 
sense of formal logic as he discusses the gradual movement from 
forming a hypothesis to the ultimate proof of that hypothesis. To him 


it is a necessary condition that each thought be logically connectea 
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to each previous thought. It appears the logical connection is a form 
of deduction. The rationality of such a position is reflected in 
phrases such as, "what I try and do in the class is go through with 
the kids the logical thinking process to solve a problem", "we try to 
walk through the process", or "anybody want me to walk through is once 
more?" The image of biology that is created by such comments is one 
of structured linear thinking which implies biologists doing the 
original work also thought in this manner. This form of thought 
illustrates teacher "D" conceives of biology in terms of reconstructed 
logic and his lesson presentations reflect this view. Structured 
linear thinking guarantees certainty and allows the teacher to 
rationalize and make explicit many aspects of biology. If the teacher 
is able to present the perceived logical connections of a particular 
biological development he is assured of the outcome and thus he 
objectifies biology. A deficiency in this form of reasoning is that 
it makes biology product oriented and presents biology as technology. 
What is lacking in a technical view of biology is the human element. 
By ignoring the human aspect of the discipline the teacher presents a 


nineteenth century positivistic view of biology. 
Students 
Modified Baconian image of biology 
Seven of the thirteen students are characterized by conceiving of 
biology in what is termed a modified Baconian image. These students 


strongly identify with the scientific method that is frequently 


recorded in biology textbooks. Their conceptions involve a rigidity 
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in terms of thought. They conceive biology as a branch of science 
which proceeds by a lock-step method that results in absolute 
certainty. They conceive biology as being completely rational. Their 
view includes an extreme standard of objectivity which arises from the 
students viewing biologists as passive, uninterested, detached 
observers who have a deep commitment to accurately reporting their 
observations of nature. Associated with the objectivity of biologists 
is an implicit faith in the scientific method. The seven students 
project an image that any errors or anomalous results are due to human 


influence. The scientific method is seen as error free. 


Modified positivistic image of biology 


Three of the thirteen students exhibited what is termed a 
modified positivistic image of biology. The three students' 
conceptions are empirically based and a version of the scientific 
method is used to gain information about nature. Their conceptions 
are somewhat flexible in that the scientific method does not have to 
be rigidly followed and they also indicate the resulting information 
is not completely certain. Judy was one of the three students in this 
group and her conception was extreme in that she viewed biology from a 
technical perspective. To her, biology was a process of answering 
practical problems. The other two students, Kathy and Lawson, 
conceive human elements such as intuition, subjectivity and human 
error are part of biology and biological knowledge but they tend to 
dismiss these elements as not having a strong influence on the 


discipline. 
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Conceptual change view of biology 


Three of the thirteen students' conceptions of biology are 
characterized by a conceptual change view of biology. The three 
students, Joel, Paul and Allen present conceptions of biology that 
involve empiricism but biological knowledge is seen as constantly 
changing and evolving. The three students include in their 
conceptions the idea that biology is a human endeavour. To them the 
formation of knowledge is influenced by humans. Joel incorporates 
tentativeness and an element of judgement in his conception of the 
formation of biological knowledge. Paul and Allen also include 
subjective elements in their conceptions and suggest the biological 
enterprise is not necessarily the rational, logical process that it is 
normally assumed to be. They suggest factors such as politics, 
economics, and intuition influence biology and thereby affect what is 


accepted as biological knowledge. 


In terms of a philosophy of biology, what are the teachers' and 


students' conceptions of biology? 


The seven students who exhibited a modified Baconian image of 
science have taken elements from the Baconian and logical positivist 
philosophical positions and melded them into a relatively consistent 
view of biology. The term "relatively consistent" is used because in 
discussing various points with students it becomes apparent they adopt 
a particular philosophical view of science for one issue but given 
another issue they adopt a different philosophical view. For example, 


Susan conceives of time flowing at a constant rate and not being 
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subject to human interpretation. To her, space extends evenly and the 
universe travels in one direction at a constant rate. With respect to 
time, motion and space it appears that Susan conceives of the universe 
in mechanistic terms. Despite her mechanistic view of the universe 
she does not extend it to biological explanations. She tends to 
conceive such explanations in terms of biochemical relationships. 
There are no suggestions of overt mechanistic principles in her 
explanations. Some authors (Gould, 1984, p. 84) argue reducing 
biological systems to biochemical and physical relationships indicates 


a mechanistic view and they would consider Susan to be a mechanist. 


The group of seven students adopted elements of the version of 
the Baconian image of science reported in biology textbooks. For 
example, three Baconian elements appear to be central to their 
conceptions. One, it is necessary to employ an open-minded search of 
available information so that a hypothesis is developed. Two, if the 
experimental results disconfirm the hypothesis it is necessary for the 
biologist to return to the first step and develop an alternate 
hypothesis. Three, if the experimental results confirm the hypothesis 
the results and hypothesis are known to be certain and they are 
considered biological knowledge. The logical empiricist view that 
observations are unquestionable facts about the reality of nature is 
included in the students’ positions. In addition, the students share 
the idea that formal logic describes how scientists reason with data, 
hypothesis and theories. There is a sense that the form of the 
argument is essential to conducting a scientific investigation. 
Consequently formal logic becomes the central instrument for making 


inferences and it is the standard for comparing hypotheses and 
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theories as well as establishing the truth of statements. 


The three teachers and the group of three students who conceive 
of biology in a modified positivistic manner appear to stress a 
logical positivist position. They present biology as strictly a 
logical process in which the search for certainty is a top priority. 
The most important task for a methodology is the establishment of true 
scientific propositions (Radnitzky, 1981, p. 51). The establishment 
of truth is accomplished through verification. Frequently students 
suggest experience plays a positive role in verifying biological 
results. They implied, by an inductive argument, that the greater 
number of times a particular result is obtained, the greater evidence 
for considering the hypothesis verified and the results as knowledge. 
The form of logic the teachers and students advance for a methodology 
is induction. Hypotheses and theories are put forth and these are 
confirmed or denied by deductively derived crucial tests. Another 
feature the teachers and students include from the positivist 
philosophy is the idea of objectivity. They tend to conceive 
biologists as individuals who blank out their background and training 
so that observations are seen as objective. They further assume the 
methodology is objective, and any conclusions are rational and 
uninfluenced by biologists or nonrational procedures. Underlying the 
principle of objectivity is that with the accumulation of more and 
more knowledge biology comes closer to answering the questions of the 
field. Progress is seen in terms of a closer approximation of the 


discipline as an ideal science. 
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The three students who exhibit a conceptual change view of 
biology also incorporate some positivist attributes in their 
conceptions. Although there is an overlap the students are 
philosophically consistent in their answers. For example, the three 
students do not conceive biological knowledge as completely stable and 
unchanging. They tend to view biological knowledge as a collection of 
information that is established by the scientific method but they 
indicate with future biological developments the information will 
change. A second feature of their conceptions is that formal logic is 
not the only criterion for determining the validity of results and 
establishing connections between hypotheses and theories. The 
students include criteria of the state of the discipline, societal 
factors, logic and other components of rationality in their 
conceptions. A third feature is observations are not necessarily 
accurate. This means current knowledge may be based on fallacies. A 
fourth feature is the manner in which hypotheses, theories, and laws 
are developed and accepted. Their conceptions suggest various 
methodological components are influenced by various constraints and 


they are not necessarily induced from observations. 


What are the teachers' and students' conceptions of biological 


knowledge? 


The seven students who illustrate a modified Baconian image of 
biology tend to conceive biological knowledge as information that is 
verified by the scientific method. Once such information is 
established it does not change and biological knowledge gradually 


accumulates. The concept of knowledge formation and certainty are 
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closely related in that knowledge obtained from the early stages of 
the scientific method is less certain than that obtained from the 
later stages. For example, knowledge from a verified hypothesis is 
not as certain as knowledge obtained from a verified law. The 
students also conceive knowledge existing in the world and biologists 
employ a series of techniques which uncover this knowledge. They 
separate man from knowledge formation and consider knowledge to be an 
object. An implication of this generalized view of knowledge is that 
biologists obtain an image of the discipline through experimental 


procedures which means one day biological knowledge will be complete. 


One teacher also conceives of biological knowledge as consisting 
of information which exists in the world. His statements indicate he 
conceives of knowledge as being certain and independent of man and he 
teaches this conception to students. To him, it is important that 
students receive information so that they are able to function in the 


world. 


The students in the modified positivistic group along with the 
remaining two teachers tend to conceive of biological knowledge as 
specific information but they introduce ideas of tentativeness and a 
realization that knowledge formation is influenced by man. The three 
students indicate they are aware that biology is only one way of 
knowing but they indicate it yields knowledge which is more reliable 
than other forms of knowing. There is a tendency on their part to 
objectify knowledge but it is not as strong a tendency as that 


exhibited by the modified Baconian students. The two teachers state 
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biological knowledge is a creation of man but their lessons definitely 
present knowledge as an object which exists independent of the mind. 
The three teachers also organize their lesson material so that 
biological knowledge is presented as an object which is gradually 


accumulating and becoming more and more complex. 


The three students in the conceptual change group view biological 
knowledge as a product of the scientific method but influenced by man. 
To them, knowledge is constantly changing and is not certain. The 
human element removes certainty from biological knowledge because the 
concept of nonrationality is inconsistent with certainty. Their 
conceptions include ideas that knowledge is accepted by "mass 
approval", "faith" and "reasonableness". These ideas indicate 
knowledge is subject to interpretation and it is not seen as an object 


which is true. 


General Summary and Conclusions 


High school students' and teachers' conceptions of biology were 
examined through interpretations of informal discussions and classroom 
observations. The descriptive material suggests many new research 
avenues. Of specific interest is an examination of students' 


conceptions of biology at other levels. 


The results of this dissertation have significance on a practical 
level. The study revealed teachers have particular conceptions of 
biology and their lesson presentations reflect their conceptions. It 


also revealed students hold a variety of conceptions and in many cases 
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the students and teachers’ conceptions do not agree. Because of these 
differences, conceptual variations need to be considered in curriculum 
design and teachers need to be aware of the conception of biology they 
stress to students. The dissertation is useful because it helps 
clarify philosophical and epistemological positions of both students 


and teachers. 


The research method is based in a situational-interpretative mode 
in which transcripts of informal discussions and classroom events form 
the major source of research data. This type of research permits the 
students and teachers to register their conceptions instead of 
reacting to a researchers’ conception as is the case in survey 
research. In a study designed to help clarify a number of conceptions 


it is important to consider the previous point. 


The audio recordings of informal discussions and classroom events 
complemented one another. In many cases points were explained, 
commented on, or elaborated during the informal discussions thus 
providing clearer understanding of an individual's perspective. One 
element that was crucial to the study was the validation discussions. 
Preparing transcripts and interpreting them alone would have been 
inadequate. A difficulty in terms of this study was getting students 
to provide a second validation. As collection of data and the 
interpretation phase of the study extended over a twelve month period, 
contact was lost with five students. To avoid this difficulty a study 
of this nature should be started as early in a school year as possible 
and student interpretations should be completed as quickly as 


possible. 
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In terms of generalized results the three teachers conceive of 
biology in a modified positivistic manner in which a research method 
yields information that is certain. Their conceptions of biological 
knowledge are based on a philosophy of realism in which there is a 
direct correspondence between their perceptions of the natural world 
and what biology uncovers as knowledge. They also tend to objectify 
knowledge and present it as certain. The students seem to hold three 
conceptions of biology. The largest group holds a modified Baconian 
image of biology. Their conceptions are rigid with respect to 
methodology and biological knowledge. The second group of students 
hold a conception which is termed a modified positivistic view. To 
them, the biological enterprise depends on formal logic but knowledge 
that results is more tentative than those students who hold a modified 
Baconian image. The last group of students hold a concept of biology 
that is termed a conceptual change view. These students view biology 
as an endeavour that is constantly changing because theories change. 
They tend to view knowledge as a construction of man instead of 


viewing it as something that exists in the world. 


In conclusion, the study helps clarify students’ and teachers' 
conceptions of biology as a discipline and biological knowledge. It 
also suggested relationships between the students’ conceptions and the 
predominate conceptions presented in biology classes. Approaches to 


future research on this relationship are suggested in this chapter. 


Educational implications 


The research in this dissertation is an examination of teachers' 
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and students’ conceptions of biology as a discipline as well as their 
conceptions of biological knowledge. Such a description is a useful 
source of data for teachers of biology as well as university based 
personnel who are responsible for biology teacher preparation. From 
the study it was found high school students frequently conceive of the 
scientific method as a source of absolutely true knowledge. Such a 
belief may be a hindrance to students accepting biological knowledge 


as tentative. 


As well as the dissertation revealing the participants’ 
conceptions it also discusses their conceptions in terms of a 
philosophy of science. Three positions of biological knowledge are 
presented in some detail and this information is useful to biology 
teachers in presenting other conceptions of biology. The study further 
suggests presentations of biology follow a positivistic ideal which is 


mainly ahistorical. 


The dissertation provides a basis for teachers to stimulate a 
discussion on epistemological issues in biology. Teachers may 
indicate implications of viewing the world from particular 
perspectives and how those perspectives influence an individual's 


interpretation of biology. 


Some of the ways the preceding suggestions can be approached 
include discussing significant shifts in the history of biology from a 
philosophical standpoint. Classes may examine biology as one way of 
knowing which influences and is influenced by other disciplines. Or 


it may be possible to develop tasks which challenge students' 
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conceptions instead of presenting biology as a litany with teachers 
posing predetermined questions and students providing memorized 
answers. The idea of discussing conceptual problems in the discipline 
instead of merely presenting detailed facts appears to be compatible 
with Brouwer and Singh (198, p. 234) who state "Instead of asking 
questions related only to the application of theory and its 
technological impact on society, some emphasis should also be placed 
on the reasons why some scientists, or other segments of society, felt 
that certain basic questions about reality were not answered 


satisfactorily by the theory." 


Or the discussion might include suggestions made by Waterman 
(1982, p. 154-5). She suggests the following list of activities for 
teachers who are concerned with presenting different views of science: 

(1) Develop activities which help students see science as 
an epistemological enterprise; 

(2 Help students become aware that they have beliefs about 
scientific knowledge, and what those beliefs are. For 
example, distribute a short questionnaire on truth and 
proof in science; and 

(3) Present different views of knowledge through 


discussion. 


Another suggestion is to apply Kuhn's concept of normal science. 
This would have students learn an experimental technique, perform a 
laboratory exercise and then study the results. Next the student 


tackles a new but related problem by modifying the technique he 
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previously learned. Once the second experiment is completed a 


discussion follows on normal science. 


Recommendations and suggestions for future research 


The participants' conceptions have been examined using a 
situational interpretative approach. As such, the questions addressed 
in the dissertation have been examined from one particular 
perspective. Therefore, no ultimate conclusions concerning the 
epistemology of biology should be based solely on the approach 


employed here. 


The study indicates that the teaching of biology occurs mainly 
through expository methods in which specific textbook material is 
presented to students. The lessons are seen as ahistorical ‘and 
logical, making the version of biology that is presented positivistic. 
It is on this basis that a recommendation is made that biology 
teachers become aware of the implications of teaching biology as a 
positivisitic endeavour. For practising teachers, this may be 
accomplished through journal articles and discussions at events such 
as conventions. Efforts should also be made to instruct biology 
student teachers in a variety of conceptions of biology. Further, the 
student teachers should be made aware of their personal views of 


biology. 


A second recommendation is that biology teachers should develop 
curricula which permit high school students to clarify their 


conceptions of biology and understand that the discipline is only one 
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way of knowing. As was observed during classroom visits, it is too 
easy to emphasize content and the memorization of specific 
information. The section dealing with conceptions of biology should 


stress discussion and not the presentation of specific information. 


Biology teachers need to be aware of the implications their 
personal conceptions of biology have on the presentation of lesson 
material. A third recommendation is that biology teachers should 
consider their perspectives of reality and determine the consequences 
their perspectives have on their perceptions of biological knowledge. 
It was observed that teachers held particular views and they often 
coerced students into adopting a particular system of meaning. In 
some cases a teacher considered compliant students as those who 
learned and intellectually resistant students as those who did not 
learn. It is assumed that teachers who are aware of their 
perspectives of reality and conceptions of biology will recognize that 
there are a variety of ways of viewing the world and biology and they 
will not force a particular view on students. Instead of presenting 
one view of biology it is suggested that teachers and students explore 
a variety of conceptions of biology. The implications of adopting 
particular views should be discussed during such explorations. One 
point that should be considered is what form of biological knowledge 


results when a particular conception of biology is adopted. 


The willingness of the participants to co-operate in a 
situational-interpretative study is seen in the massive amount of data 


collected, This indicates that the techniques employed permit 
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individuals to present their conceptions of a discipline. This is 
perceived as a positive aspect of the research because students and 
teachers did not react to the researcher's preconceived conception of 
biology and biological knowledge. Since an approach of this style 
works in a research setting it may serve as a guide for teachers who 


wish to discuss similar issues in class. 


Another positive feature of the research style was evidenced in 
the participants' reactions to the written interpretations of their 
conceptions. Generally, the students and teachers agreed with 
interpretations indicating the concepts of hermeneutics and 
sociolinguistics enable a researcher to study a phenomenon from a 
different perspective. With respect to the interpretations, the 
participants questioned specific points and the choice of wording but 
they agreed with the majority of comments that were made. After the 
second validation discussion some students indicated the research 
experience caused them to reflect upon their conceptions of biology 
and aS a consequence alter their conceptions. This observation 
suggests a fifth recommendation: a research study be undertaken to 
examine the question of a perceived relationship between an 
individual's reflection upon his conception of biology and how his 


conception is changed. 


The last recommendation makes a suggestion for a specific 
research study. Besides this specific study the dissertation also 
raised general questions about potential research areas in conceptual 
change. As mentioned in the Introduction, the dissertation is an 


attempt to clarify teachers' and students’ conceptions in a particular 
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section of the Biology 30 curriculum. As conceived, this dissertation 


is an initial step in the study of the epistemology of biology and 


some possible research topics are: 


(1) 


(3) 


(4) 


(5) 


Exploration of the phenomena of conceptions 

of biology in other areas of the Biology 30 curriculum; 
Exploration of teachers' and students’ conceptions in 
other branches of science; 

How do students' conceptions of biology change over a 
number of years; 

What are the underlying assumptions of particular 
philosophical positions and how do the assumptions 
colour an individual's conception of biology? 

What social relations are implied for teachers and 


students who adopt a conceptual change view of biology? 
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Personal reflections 


At the beginning of a graduate program a student is aware the 
investigation of a research question is necessary. This Section is a 
reflection upon the events that have taken place during the 
incubation, research phase and writing of the dissertation. The 
points contained here are a combination of notes and reflections about 


the graduate program. 


At the beginning of my graduate program I was exposed to 
philosophical ideas that are termed the conceptual change view of 
biology in this dissertation. In particular, Thomas Kuhn's arguments 
that science is misrepresented and misinterpreted caused me to reflect 
upon the manner in which I taught biology for some ten years. The 
process of reflection suggested I presented biology as I had been 
taught. I had seen biology as neutral, value-free and a source of 
reliable information. It was also conceived as rational and 
objective. In retrospect I had been taught, through grade school and 
university, a positivistic form of biology. Involvement in botany 
research projects reinforced this image because a small element of a 
larger question was explained to me and I was expected to carry out 
specific experimental procedures related to the overall problem. This 


experimental work coincides with Kuhn's description of normal science. 


When I was developing a research question for the graduate 
program my first thoughts were of performing a quantitative study. In 


discussing my idea with my colleagues and supervisor their general 
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reactions were not enthusiastic and caused me to reconsider. At this 
time I began to wonder, "What are students' conceptions of 

biology?" Once the question was formulated it received positive 
reaction from other individuals but I was uncertain how to study such 
a nebulous idea. Upon examining literature dealing with the question 
it became apparent little work had been done in the area and what work 
had been done was of a quantitative nature. Critiques of the 
quantitative studies indicated the researchers had students react to a 
researcher's conception of science and the studies did not reveal the 
students' conceptions. Based on this realization a qualitative 
research method was an obvious choice. Even though the choice of a 
qualitative method was a conscious decision I was apprehensive about 
the outcome. I foresaw myself collecting a massive amount of data and 
then being unable to analyze it. Also, I suppose there was a bias for 


technical research in which a statistical test could be performed. 


Gradually, as the project progressed and a pilot study was 
undertaken it became apparent that informal discussions with students 
contain a great deal of information that cannot be gathered through 
quantitative methods. Arriving at this conclusion required a change 
of perspective and this carried over to observing a teacher's lesson 
presentations. A change in perspective allowed me to view the 
teacher's lessons from a point of view that questioned the individual 
teacher's conception of biology. Prior to that change in perspective 
I would not have considered a person's conceptions of biology as 
different from my own. Without a change in perspective the 
possibility of studying individuals’ conceptions would not have 


occurred to me. 
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As the pilot study developed students' comments revealed their 
conceptions of biology were influenced by previous science courses and 
the students named specific events that were significant to them. In 
some cases the events had occurred five or six years earlier but they 
were recalled in detail. Within the students’ comments were 
suggestions that their views of biological knowledge were associated 
with their conceptions. It was at this point I began to appreciate 
the power of informal discussions. If I had questioned the students 
with a survey it is doubtful the previous points would have been 
exposed because the survey would not have contained the appropriate 


questions. 


My apprehension was quickly overcome because I now realized 
sufficient information would be obtained. During the research phase I 
was amazed at how readily I was accepted by the science department 
staff and the students of the three classes. Originally it was 
anticipated I would perform the research as an observer but the 
teachers and students draw you into a participant-observer role. The 
process of becoming a participant occurs gradually. Eventually you 
find yourself teaching students and acting as a resource person for 
the teachers. In all cases these functions developed because of 


requests by the students or teachers. 


As the study progressed time became significant. The qualitative 
research style demands extensive amounts of time on the researcher's 
part. In my case the study involved three teachers and eighteen 
students and the research project was too large. Early in the 


research stage where the audio cassette recordings were being 
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transcribed it was not uncommon to spend approximately fifteen hours 
to transcribe one hour of classroom discussion. This inordinate time 
commitment was needed to obtain an accurate transcription. Having a 
professional transcriber work on the recordings is unwise because of 
the difficulty in understanding what is said by the teachers and 
students in the classroom situations. Also a professional transcriber 
would miss information contained in voice inflections, pauses and 
other communication devices that is only available to an individual 
observing a situation and then listening to audio recordings of that 


situation. 


The next difficulty arose after completing the transcription of 
first teacher's informal discussion and lesson presentations. As the 
transcription process was taking so long some members of the thesis 
advisory committee suggested I try interpreting the material for one 
teacher prior to completing the other material. An analysis scheme 
was developed and the first in-depth interpretation was completed. I 
met with the teacher and I was unsure of the type of reaction my 
interpretation would receive because I viewed it as being critical of 
the teacher's conception of biology. The teacher did not consider it 
critical with the exception of the use of one word and commented on 
the accuracy with which the interpretation captured his personal view 
of biology. At the end of approximately a three hour validation 
discussion I was reassured that it is possible to make a valid 


interpretation. 


In making an interpretation of the second teacher's material I 


was again surprised by his reaction. His comments were very similar 
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to the first teacher's. The second teacher required a more extensive 
explanation of the interpretation than did the first teacher. By the 
time the third teacher's interpretation was complete I expected it to 


accurately reflect his conception of biology. 


Next, I listened to the tape recordings for the second teacher's 
lessons and identified themes. Once the complete set of tape 
recordings had been reviewed, I transcribed selected portions that 
illustrated the themes. This procedure was found to be successful and 
it was repeated for the third teacher. This technique of fully 
transcribing the first teacher's lessons and then only transcribing 
selected portions of the second and third teachers' lessons was 


beneficial in terms of time. 


Once the interpretations were completed, analyzed and validated 
the writing of the dissertation was undertaken. After the writing of 
the dissertation was completed opportunities arose to reflect on the 
entire experience. In the case of the validation procedures it became 
evident that a significant source of data was missed by not having the 
students prepare written reflections on their experiences within the 
study. This point is raised because two students provided me with 
written syntheses of their views of school biology. Statements made 
by the students indicated they were taught to view biology in 
particular ways and their participation in the study caused them to 
question their personal view. Based on this observation researchers 
who employ a research approach that is similar to the one discussed in 
this study should consider obtaining written reflections from the 


participants. 
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Another issue that arose out of reflecting on the research 
experience was whether or not students would view biology form a 
conceptual change view if the curriculum was changed so that such a 
view was presented in class. The results of the study indicate that 
teachers present a conception of biology that is in agreement with 
their personal view. As a result it appears that students would be 
exposed to a conceptual change view only if the teacher's personal 
view was that of conceptual change. This means the prevalent view 
would become conceptual change and students would be unaware of other 
views. The limitation that was built into the teachers’ conceptions 
was they they were not consciously aware of their personal view and 
apparently they did not realize their presentations conveyed a 
particular view to the students. As a result it is suggested that 
merely altering the curriculum so that a conceptual change view is 
taught would not change the situation. It appears science educators 
need to be made aware of the variety of ways of viewing biology and 
how particular views are transmitted through lesson presentations and 


curricular materials. 
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Proposed questions for informal discussions with students 


The following set of questions is based on the subconcept of 
photosynthesis which is part of the nutrition section of the Biology 
30 curriculum. The questions are meant as examples of the type which 
will be posed to the students. The subject matter of the questions 
(i.e., photosynthesis) will be determined by the material that is 
being taught but the content (i.e., nature of science) will be similar 


to the examples. 


(1) How do you perceive the presentation of photosynthesis? In 
other words, how do you think of the topic of 
photosynthesis? Is it a collection of information, an idea, 
or a theory? 


(2) Today in class you learned that photosynthesis occurs in 
organisms that produce chlorophyll. Where did that 
information come from? 

Is it possible that information is incorrect? 


How do scientists judge if it is incorrect? 


If it is incorrect, how do they go about changing the 
information? 


How do you judge if scientific information is correct? 


Do the labs help you make that decision? If so, how? 


(3) When van Helmont performed his experiment on the willow 
tree, what was he hoping to discover? 
What do you think made him do that experiment? 
Where did he get his original idea from? 


Do you think van Helmont wanted to add more detailed 
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(4) 


(5) 


information to science? If so, why? 


Today we have more information about photosynthesis than the 
early scientists did. Are we closer to the truth than van 
Helmont was? 


What is your reason for saying that? 


Can you give me examples of things that have happened in 
your science classes over the years that make you believe 
that? 


Have your science textbooks influenced your idea about 
scientific truth? If so, how? 


In 1801 Englemann performed a series of experiments in which 
he worked on the two types of pigments that are most 
effective in absorbing energy in photosynthesis. What do 
you think was the first thing he did in his series of 
experiments? How did he go about setting up his 
experiments? 


Do scientific experiments follow a step by step procedure? 
If yes, why do you say that? 


Did Englemann create a theory of chlorophyll a and b or did 
he discover a theory? 
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Observation Sheet 


The classroom/lab 
l. Main features: 

2. Windows: 

se Blackboards : 

4. Tackboards : 

5. AV equipment: 

6. Special equipment: 
7. Shelves and cupboards: 
8. Wall charts: 

9. Posters: 

10. Desks: 

ll. Clippings: 

12. Other: 
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Teaching strategies 


lhe 


Teacher activity: 


Student activity: 


Use of the nature of science: 


Comments on science: 


Comments on students: 


Comments on teaching: 


Comments on society: 


General comments: 
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16. 


17. 
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What picture of the universe has science given you? 

Your idea of the solar system appears to be .... where was the 
earth yesterday? Where will it be tomorrow? How do you know 
that? 


Is science coming closer and closer to a better representation of 
reality? 


Do biology textbooks misrepresent the history of biology? 


Is it possible that connections between scientific statements are 
illogical? 


Do theories arise from facts? 
Does biology obey the laws of formal logic? 
Is biology dogmatic? 


Is the methodology of biology precise and concerned with exact 
measurement or is it "sloppy" and irrational? 


Does biology run according to fixed, universal rules? 


Is the establishment of objective knowledge the ultimate goal of 
science? 


Do scientists abide by the norms of open-mindedness, 
disinterestedness, impartiality, independence, etc. or do they 
demonstrate the reverse of these characteristics when they 
operate in scientific circles? 

Does biology reflect a definite representation of reality? 


Does a theory have a different meaning for different groups of 
scientists? Or, is a theory the same for all scientists? 


Are there aspects of biological knowledge that are conclusively 
true (proven)? 


Is there biological knowledge that is waiting to be discovered or 
is all knowledge a construction of man? 


What is the first step a biologist does when he is preparing to 
study a phenomenon? 


How do biologists gain knowledge? 
Do biologists selectively collect data? 
Why do we study biology? 


What does biological intormation allow us to ao? 
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If an experiment cannot be repeated so that similar results are 
obtained can the data from the first experiment be counted as 
knowledge? 

After a biologist generates laws, what is produced? 

Is the scientific method a pre-established set of rules? 

Is biological knowledge a creation of man? 


Is biological knowledge culturally influenced? 
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A TRANSCRIPTION OF LESSONS PRESENTED BY TEACHERS "A", "C", AND "D" 
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A lesson on gas exchange in plants as presented by teacher "A" 


I'll just review the format so you'll know what to expect. 
Ah, there'll be thirty multiple choice questions. And about 
seven short answer questions. By short answer I mean, um, 
actually I guess in some cases short paragraphs and a couple 
of sentences. The rest is explanations for things, 
descriptions of things, and be prepared to describe how 
something works, what something is like and then ah, 
descriptions of the, of the, describe either in structural 
terms or sometimes you have to deal with open structure and 
function terms. Distinguishing between terms is always an 
important kind of question. If you are given a pair of 
words, the way I like to mark that is, you should say 
something about both. There's one diagram to label. You 
might be expected to make one on your own. And ah, we 
touched on, there's one to label. This test --- open text 
book statement about cells and how they work as well as 
reference to lab exercises. We didn't do very many, we did 
the --- cells and we did have, ah, a demonstration of 
osmosis. We saw a film on the cell. Make a reference to 
that. And we did see a film on osmosis-diffusion. So 
check all the sources of information, the textbook, films, 
notes and I think you should do alright. Sort of know 
what's in there. I would suspect it would take most of the 
period. Would appreciate it if you'd come with ah, 
equipment to do the test, that means pen and pencil, you'll 
have to make a drawing, as well as a far amount of writing. 
Any questions about it? [5s p] Very good. 


So we'll break from our treatment of autotrophic nutrition 
then tomorrow and just focus on cells and basic cell 
processes. Now, on Friday we spent the whole period sort of 
practicing, or working at this notion of how do you 
formulate a tentative explanation once you have seen, 
observed, some aspect of nature. Ah, that got pretty 
tedious going towards the end. Ah, you seemed pretty 
enthused toward the beginning and you like to play with 
ideas and try out your ideas for a half hour or so and then 
it does get heavy. Now today I'll take another approach and 
more or less describe to you what I'd like you to work 
through. That is I will, more or less lecture or dictate 
and expect you to try and keep up in this way. Ah, we're 
still on the topic of procurement and we were focusing on 
how the plant gets carbon dioxide by way of these breathing 
pores. Just to finish that off. Before, not only the leaves 
were getting carbon dioxide, they're also used for other 
purposes. That is, breathing in the case of a plant, like 
us, is a two way process. It isn't just an intake process, 
things also leave the leaves by these pores. This structure 
serves, then we might say, for gas exchange, not just gas 
acquisition. And if we describe it according to our day and 
night situation we're over simplifying. We say that during 
the daytime when there is light the stomates are open, then 
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Mike: 
As 


Student : 


Student: 


As 


Student: 


As 


Mike: 


we have primarily carbon dioxide coming in, and oxygen 
escaping, as well as water vapour. For these gases to come 
out and the gas carbon dioxide to go in there must be a 
diffusion gradient. What do we mean by a diffusion 
gradient? Or a grade, period? If we're talkin' about 
highway construction. Have you travelled in B.C.? Have you 
ever noticed the signs that tell you what the grade is? 
Particularly in trucking country. You haven't noticed, eh? 
In some places they post along the highway a sign saying 5% 
grade, or 6% grade. You haven't seen that? O.K., well if 
you did see a sign like that, that said 5% grade would you 
expect they're rating some student? Mike? 


No. 
No. What are they probably doin'? 
No. Grading the earth I guess. 


What would you interpret it to be if you were driving. 
Would you expect? What kind of road would you expect? 


Ya. 


You would. If you saw a sign, grade 6% what would you 


probably do? O.K. what would you expect? 

An angle. 

Angle. An angle what do you mean? Up like this or down 
like this? 

Down. 


Down, ya. You'd expect to be going downhill. And the grade 
percentage would sort of indicate how steep, I suppose. For 
a very steep grade, truckers need to be warned. It's kind 
of dangerous. Have you seen those escape routes that go up 
along side the highway? In case their brakes fail? 

Alright. Well, we're saying a grade simply means there is a 
difference between beginning and ending points, I guess. 

Ah, it's not the same. A diffusion grade in here means ah, 
what the concentration is like inside is different than what 
it is outside the leaf. And so there'll be movement from 
one spot to the other. Things won't be static. Now in 
terms of oxygen what will be the gradient during the 
daytime? Anybody want to speculate? [2s p] Which way 
would be downhill? Into the leaves or out of the leaves? 
Mike? Mike? [45s p] 


Into the leaf. 
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Lily: 


Would the plant be taking in oxygen during the daytime? Ah, 
that means it would be higher in the air, which is about 
21%, than in the leaf? 


It'd be taking it in. 


Taking it in. Not really sure, here, I guess. Maybe we 
should put on our general equation again for making food, 
and then we can speculate, need more background. If this is 
what's happening during the daytime Bev, which way would the 
gradient be? Out or in for oxygen? 


Out. 
Oxygen would be coming into the plant? 
No. It would be out. 


It'd be out. There'd be a higher level inside the leaves 
than outside the leaves. That is oxygen would be 
accumulating in the plant leaves. That is oxygen would be 
accumulating in the plant leaves so the gradient would be 
out. So it would be higher in the leaves than outside so it 
would shift outward. Well, we already have that on the 
board. Um, you just want to interpret that in terms of the 
gradient. Higher in the leaves than outside the leaves so 
it goes out. Concentration of CO» On the other hand, if the 
plant is very busy making food, is the gradient in or out? 
Lily? 


Out. 


If the plant is making a lot of food inside the leaf what is 
happening to the CO. in the leaf? Is is being used up or is 
it being released? Lily? Will it decrease? Is it requiring 
or giving off CO,? 


Requiring. 
It's requiring. So, will the plant be subtracting ah, 
carbon dioxide from the air or adding it to the air? 


Adding it to the air. 


Now think just, when you require something and you take it 
in. Are you adding or subtracting from the environment? 
Does your food get less on the plate or more on the plate 
when you eat? 


Less e 


Less, ya. You sort of use it up. Well, we're saying carbon 
dioxide here is being subtracted rrom the environment as the 


plant makes food, Therefore the gradient is in. From the 
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outside surrounding environment goes in, in the ah leaf, and 
into the cells of the leaf where there's a package of food. 
What about water vapour? Water vapour is formed in the leaf 
from liquid water. The water is coming from the soil, up 
through the stem into the leaf during the day. And the water 
evaporates and it makes it through these pores out into the 
air. I think we should put in our notes , describe this, 
this transpiration. I'll have quite a bit more to say about 
that later. When water evaporates from the surface of 
plants and exits into the air, ah, we call that 
transpiration. Now I'm just hesitating here because I have 
a different problem. I don't want you to take ah, plants 
being simply wet on the outside where the water is sitting 
like dew drops in the morning on the outside the plant. 
They evaporate off that outside surface. I really want you 
to think of water inside the plant, inside the leaves, 
inside the stems, evaporating inside there to a gas, in, or 
what's related to gas inside and then the gas is diffusing 
outward into the drier air. With evaporation of water from 
the interior of the leaf and then diffusing outward into 
the air, is really what we wanted to try to say here. Ah, 
maybe, well, let's see. The evaporation of water on the 
interior of the leaf, or the plant leaf subsequently 
diffusing outside. Subsequent means, follow from, take 
place after. Um, what I've said here is the evaporation of 
water from the interior of the plant leaf subsequently 
diffusing to the outside. That isn't the best statement but 
we'll leave it for now. 


Well maybe we can make a sketch to illustrate once more what 
we're saying. Still working on this concept of day or the 
time of day, ah make a sketch. What kind of sketch should 
we make? Suppose this represents a guard cell and we'll put 
in normal epidermal cell around it, around the outside of 
it, like so. We're looking at a leaf on the edge.The bulk 
of the leaf is up here. This is the upper surface. This is 
the lower surface. We're actually in cross-section. And 
this represents the stomate. These are the guard cells. 
O.K. now CO, is going in during the day. We have oxygen 
coming out Gieing the day as well as water vapour. That is 
as long as that pore is open. How'd you prepare your sketch 
to represent then the night situation? [13s p] Would you 
make one that's similar? This is a little bit tricky. 
Maybe we would show the pores closed, or at least very, very 
close together. Maybe the plant is totally sealed. The 
seal or the hole isn't quite that efficient perhaps. There 
is still some leakage. In the old days before air 
conditioning and in the winter time at least when they had 
to have the windows closed in the hospital, they used to, I 
recall, remove the flowers and the plant material from the 
patients room at night and bring them back in during the 
day. Or at least they'd take them out and put them in the 
hall. They don't do that any more. The plants sit there 
day and night. Ah, nobody bothers to move them around. I 
suppose that nas to do with the ract that air in hospitals 
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is circulating. They've air conditioning or at least the 
air -—- day and night and it doesn't make much difference 
anymore. Take the old situation, what argument would you 
use to support the practice of having all the staff move the 
plants out into the hall at night? [4s p] Norm? 


The plants surrounding --- use oxygen. 
Any idea? 
They're taking oxygen away from the patient. 


They're taking oxygen away from the patient? They're taking 


carbon dioxide in at night? 
No. 


They're taking oxygen in at night. And who should be having 
the oxygen at night? 


The patient. 


Patient. During the day time they're probably helping the 
patient. At night time they're competing with the patient, 
you're saying. They're using the oxygen the patient might. 
Which could happen. Well, how is that to be explained? 
What --- at this point in our course know about plants and 
their chemical activities during the day? What do they need 
primarily? 


Oxygen. 

Oxygen. But as well they're making a lot of what? 

Sugar. 

Sugar. We call photosynthesis, they're making food in the 


daytime. Now, with the lights shut down, one might think 
that photosynthesis. Does anything else sort of take on 
dominance? Does any other chemical process, ah, sort of 
become the dominant process in place of photosynthesis? Or 
are plants doing nothing at night? [4s p] Any 
suggestions? [5s p] If photosynthesis shuts down, does 
everything shut down in the plant? Or are there some other 
chemical activities that are still taking place? [3s p] 
Any ideas? [3s p] Well, let's go to you. What is the 
Major chemical activity that's taking place in you right 
now, twenty-four hours a day, that requires oxygen? Do you 
know any name for it? 


Respiration. 
Respiration. You saw this film on the cell, you saw Lynn 


Margeless dealing with mitochondria. You should know that 
mitochondria are involved in burning up food and releasing 
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energy. They call them the powerhouse of the cell. These 
are, we say, true of not just animal cells but also plant 
cells. They're found in both kinds. So food utilization, 
food metabolism, we're saying, releasing energy is also a 
plant process. We were to put on the board, an equation to 
represent that it would have the same sort of appearance as 
the one we already have except for the arrow. Which way 
would it go? The other way. So the concept I'd like ya to 
think about here is that there are two sort of opposing 
processes taking place in a plant. They're not really quite 
the chemical reverse as we'll learn as we take each one of 
these in detail. But they're very close. In terms of 
products and in terms of reactants, they're almost the 
opposite. Now, during the night time this direction is 
emphasized. During the daytime this direction is 
emphasized. I wouldn't want to leave you with the 
impression that it's either/or, it's more or less. And 
we're saying during the daytime there is more of this than 
this. Or we'd say there's more photosynthesis during the 
day than there is respiration. During night there is more 
respiration than there is photosynthesis. Then we can 
almost say there'd be absolutely no photosynthesis but under 
perhaps a very bright full moon you'd get a little bit. But 
we're saying certainly at night the emphasis is on 
respiration, the burning of food. So through the guard 
cells at night if they are between, if there's a bit of a 
space, if the stomate is slightly open at least we'd get 
some Oy going in and perhaps a little CO» Coming out. But 
the emphasis we're trying to make here is oxygen --- during 
the night. So our arrows then for those two gases would 
reverse. The water arrow, well it'd become minimal, but I 
don't think the plant would be taking water out of the air 
at night, still be losing water to the air at night. That's 
all I want to say about the gas exchange, ah, the pathways 
of day and night, of day and night. Do you have any 
questions about that? [3s p] Alright, we'll leave that 
one go and say the leaf is the organ of procurement for 
carbon dioxide. Now we want to go to another part of the 
plant and deal with the procurement of water and minerals. 
What part of the plant am I going to? Mike? [3s p] 


The roots. 


The roots, O.K. So we're going to put in our notes next, 
ah, number two. The topic here will be water and I'll put 
minerals with it. This drawing is representing the 
organization of a very young root, a small root tip. This 
first section here deals with what kinds of specialized 
tissues that we find in a root tip as it is growing, as it 
makes new cells. I think some of you went over this in your 
Biology 10 course and you remember some of the regions. As 
the root is pushed through the soil they may become 

damaged. They usually have a package of tissue, right here, 
on the tip. That could be called a cap. Just behind that, 


there is a region where they make cells, they call that 
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meristematic tissue or you can call it, ah, embryonic 
tissue, whatever. What we're saying here is the root cap, 
you can see that and this is ah, the apical meristem or the 
tip, or the meristem in the tip for the embryonic tissue is 
goin' to divide into cells. Now behind that we have the 
region where the cells get longer, the region of elongation 
it's called. Finally we get into the section of the root we 
want to focus on today. We're saying in here cells become 
rather specialized and we'd call that the region of 
Maturation. Now, if I can hold that on here. (end of tape) 


ese Narrow down to the part of the root we're talking 

about. And in your notes we can say water and minerals are 
taken in by the root tips. Primarily by a region called a 
region of maturation. It is ah, it's in this region that we 
find a very special layer of cells still in tact. That is 
the layer of cells we call the outside skin, the outside 
epidermis represented by this single layer around. This 
particular layer of cells has walls that are fairly 
flexible. They can be sort of stretched or be teased apart, 
that is the cellulose layers in their wall can shift, or 
slide over each other. If the cell develops quite a bit of 
turgor pressure, here and there they sort of balloon out. 

Or we can say they grow these extensions called? Does 
anybody know? [3s p] Well, what do you call this that 
grows out of your skin? [1s p] Hair. So I guess we can 
call this hair too. It extends from the skin. Is it the 
same aS yours? Your hair is secreted, it's not cellular, 
you can cut it off and not feel pain. Um, probably even 
heat it, stick chemicals on it, you can do all kind of 
things to it and you really don't suffer very much. Now in 
this case the hair is really a living structure. It is 
really part of a cell that extends outward among the soil 
particles. And to move quickly, that's what I want you to 
focus on in terms of procurement. The most important part 
of the ah, root, in terms of getting things from the soil is 
concerned, is this epidermal layer with its root hairs. 
well, let's draw one in our notes. And let's put it in the 
context. of soil. Now, before I begin I want you to get the 
context. Remember our root is protruding into the soil sort 
of like this pointer. It's a round, more or less 
cylindrical structure that's penetrating in amongst the soil 
particles. We're going to cut this across this way and look 
at it from the end. That's what you see here. Then we're 
goin' to show that the hairs come out from the side, like 
this. Now, I'm going to take just one of those hairs and 
enlarge it. Let's say this represents, sorta , boxy-like 
epidermal cell, thick walls. I'll use two lines to show the 
wall. Then I want to take the site, depending on the 
chemical balance of the environment and the cell. The wall 
will be of such material that it can extend under pressure, 
out in among the soil particles. It won't be nice and 
straight in the real soil situation. It can twist and bend 
and curve around particles and find its way through, then, 
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Bonnie: 


out from the root. If I grew them on filter, that is, if I 
grew roots on filter paper as we'll probably do this week 
and then you saw in that context they would become straight. 
That is sticking out more or less like fingers, ah. These 
root hairs are extensions of one cell. That is, the whole 
package is one cell. It has in it a thin layer of cytoplasm 
and it has quite a large vacuole. The vacuolar sac in this 
cell is pretty important in terms of what the cell can do. 
That dotted line is just representing the inner edge of 
cytoplasm. If I was more careful I'd stipple the whole 
layer and that has on the outer edge of it what very, very 
thin structure? [2s p] Cytoplasm always has on the 
outside, what? [1s p] A skin or a membrane. O.K., now 
it's time to form a note here. That membrane is very much 
involved in the process of procurement. These cells tend to 
be alive. So let's put on some labels. Cell wall, that's 
passive, we can describe it as non-living, secreted but 
permeable. It has to be permeable if the plants are to get 
anything from the soil. Immediately underneath that will 
be the cytoplasm. That will have living properties. It can 
do work, and the outer skin of that we call the cell 
membrane. That is not dead and it is not just permeable. 
Cell membranes are what in terms of what they permit through 
and what they don't? They are semi-permeable. On the 
inner edge of that we have another membrane called the 
tonoplast. That membrane bounds the vacuole of the cell. 
Now if I tried to show that I'd have the inner edge of the 
cytoplasm there, we can call tonoplast. That means the 
membrane around the vacuole, separates the vacuole from the 
cytoplasm. That is also living and is semi-permeable. If 
the cytoplasm is very thin we can even consider the whole 
cytoplasm layer like a membrane. Now the most important 
liquid in the cell in terms of establishing a relationship 
outside the cell is the cell sap itself. That is all this 
material, I should stipple, all this material in here. 
Primarily water but with dissolved solutes maybe some 
wastes, some sugars in there. That material we'll label 
cell sap and it's concentration is extremely important. If 
the root hair is supposed to take ah, if the root will take 
something in from the soil this liquid here, in the vacuole, 
should be what in relation to the liquid outside? [3 s p] 
What word would you use to describe it if it's going to draw 
things into itself? [5s p] Juanita? [3s p] You have 
ultimately three words in your vocabulary from chapter six. 
Hypo, hyper, isotonic. 


You're Juanita? O.K., what do you think? If this solution 
is goin' to be effective in, in drawing in things into 
itself, would it be hypo, hyper or isotonic? [5 sp] You 
don't know? Bonnie? [8s p] 
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Pardon? 


Hypo? If this solution was hypo then it would mean that, it 
would mean that it would have a lot of water and very, very 
little solute. Water would tend to go which way from it? 
Out. If you want this solution here to draw something into 
itself it should be more salty or more sugary or more 
concentrated solutes than outside of this, and that should, 
we should describe the word hypertonic. The cell sap should 
be hypertonic to soil water. It's goin' to draw water into 
itself. The cell sap is in the structure of the cell called 
the vacuole. Be sure you put that on, cell sap of the 
vacuole. Well, I sorta like my own drawing better then the 
-—. Now if you have room you could put on some soil 
particles. These root hairs are really quite small. Asa 
particle of soil would be around them, in this position. 
Coating each particle is a film of water. Maybe even show 
that somehow as well. Around each particle we have a film 
of water. That's the water that the roots should be 
acquiring. Don't want the soil saturated, we don't want it 
water logged, so to speak. We don't want water dripping out 
of it sort of like a sponge, out of a saturated sponge 
because soil must also provide oxygen to these roots, so 
they can breathe. That is the soil must have some air in 
it. It should be a bit porous. Um, you've probably noticed 
around sloughs or lakes when the water has soaked the soil, 
or saturated it, or the, the lake has risen and, and ah, the 
shoreline is, is inundated with water ah, the trees, the 
shrubs and bushes all die. Well, we're saying soil should 
be able to breathe to occur as well as provide water for 
roots. And what we're talking about is useful is the water 
that coats these particles. In your notes at this time 
then, I hope, the root that is the useful structure for the 
plant to acquire water, to acquire minerals. The part of 
the root that is most important is the root that still has 
its epidermis that still has these tiny hairs. The hairs 
provide the advantage of, of great surface area. That's why 
they're important. Just to illustrate that, I'll give you 
some statistics from a study. I get to the point now first. 
The point of the hair is to provide surface area, that is, 
contact with soil. A study was done on a, ah, rye plant. A 
rye plant is somethin' like wheat or oats or barley, it's 
ah, it's a plant that used to be very common in Alberta 
particularly just following World War II. It was a cash 
crop and the farmers grew a lot of it because they could 
sell it without worrying about a quota. It was also kinda 
nice because they would plant it in the late fall and it 
would germinate and produce a nice ground cover, maybe 
little green plants about so high. And then it would stay 
sorta dormant over winter and become active again in the 
spring and then, ah they would go into the life cycle and 
produce kernels and they would harvest it. How many eat rye 
bread by the way? O.K., one person. O.K. the kernel isa 
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little bit smaller than that of wheat. You've seen wheat 
and ah, less plant on top. It's not abig plant. It 
extends oh, maybe six feet high. We as kids used to run 
around in there and have lots of fun, much to the farmer's, 
a sorta, you know frustration. Um, it grew quite tall, six 
feet. It's kind of fun to run in there and hide on each 
other. Anyway, back on track. We're saying this plant 
being four months old estimated on the average to have 
fourteen billion living root hairs. Now fourteen billion 
should indicate to you that they would provide a lot of 
surface area. The point of having so many is to make sure 
the roots are contacting a lot of soil. If you took each 
little root hair and split it and unfolded it like a piece 
of paper instead of having it in a tubular pattern. You 
open it up like this and laid them side by side, this person 
doing the study, ah, suggested it would cover about 4000 sq 
ft. I suppose he had a system, ah. Pretty big surface 
area, 4000 sq ft, for this one plant to contact the soil. 
Now these root hairs, they look like a dig, so they would be 
damaged, die. After about a 24 hour period and you have a 
new batch being produced. The concept we'd like here is 
that ah, there is continually turning over. Old ones are 
being replaced by new ones, sorta on a daily basis. I'll 
repeat the main point. The function of root hairs is to 
provide surface area for absorption. Their function is not 
to anchor the plant, that is to make it stable in the soil, 
their function is to procure things from the soil. Well, 
back to the process now. If the roots are procuring water, 
the solution around the particles should be hypotonic to the 
solution inside the hair. I'm not contradicting what I said 
before. Before we said it the other way around. We said the 
solution inside should be hypertonic to the solution 
outside. If you have room yet you can put that on your 
drawing. I suppose we're saying this solution we already 
have, the root hair one, this solution out here, the soil 
water should be hypotonic to the solution inside. Well 
after a nice spring and early summer rain that's how it 
probably is. During the hot dry days of August, it might be 
the other way around, the soil may be hypertonic and as a 
result the plants then to do what? [2s p] Dry out, wilt, 
ah, droop and then along comes a nice rain again and they 
then sort of stiffen up and become turgid. We say, ah you 
can see sort of what condition the soil is in by looking at 
the plant. In the city situation you'd probably get out 
there with the hose and water. Or if you have your lawn 
automatically watered you just turn on the tap and out comes 
the water automatically and your plants become nice and 
turgid. Well, the ah, if you're in an apartment of course 
you take your plants and water, right? We're saying let the 
water go through the soil determines which way the water's 
going to go in terms of the plant, in or out. The soil 
water should be hypotonic to the cell sap. Now, in your 
notes maybe we should summarize the ah, the method then the 
plant uses to obtain water. Number one process, I've been 
indicating here to obtain water is ah, what? [ls p] We've 
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talked about the hypo, hyper water going in by diffusion. 
What is the process we're dealing with? [2s pl 


Osmosis. 


Osmosis, sure, It's on the test tomorrow. We know all 
about that. By tomorrow anyway. 


That's the main way the plants acquire water. Ah, research 
has shown however even when the soil is pretty dry and you'd 
say it is a hypertonic position. Ah, that means the water, 
out here, is not in as a great a concentration as the water 
in here, or the solutes out here are more, more abundant 
than they are in here. If the soil water is hypertonic, 
water is sucked, for some reason, still goes in, it's still 
picked up. A minor method, but still important, is where 
the membrane gets involved and moves water against a 
diffusion gradient. When you're describing a movement like 
that for minerals like iodine in algae, or sodium in nerve 
cells we call that what? 


Active transport. 


Active transport, sure. We'll put that down as a second 
method. Put a mark beside osmosis. We'd say that's the 
most important one. But active transport does occur for 
water. That's all I want to say about water procurement. 
Now, a bit about minerals yet. Ah, what kinds of minerals 
do plants require to make their food? If you look at the 
make up of sugar you might come to the conclusion they don't 
require any. Well, let's see if can catch up on how our 
notes are organized. What you have here is the procurement 
of water and minerals. You've made some notes about root 
hairs and root structure I hope and ah, what I've just 
listed on the board is applicable to water procurement. Now 
underneath that same heading we'll deal with minerals. Root 
hairs again are involved. It requires the root hairs. 
Before I get into details of ah, of what is acquired, what 
minerals are taken in, just put the points of main method is 
active transport, is well documented by studies carried out 
here in Alberta, and I might refer to them after a bit. Now 
the types that are taken in, well you can get a clue by 
reading your fertilizer bag. Now, what kinds of minerals do 
plants need? What would you put down as the number one of, 
the number one was primary importance. Any idea? What's 
the chief ingredient of fertilizer? [2s pl What's number 
one on your bag, the very first number on the bag is the 
amount of what? [1s p] 


Nitrogen 


Nitrogen, sure. Well that's of primary importance. Well, 
if I take the photosynthesis, and that is the context of our 
lesson today, ah, if I do our little equation once more, 
here are the reactants, do you see any nitrogen in there? 
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[1s p] Here is the product, he said, sugar. Do you see 
any nitrogen in there? It doesn't become apparent by how 
we describe photosynthesis that the plant will even need 
this mineral. Which we buy at quite a great expense, 
because we're dealing with it on a farm scale, and add it to 
the soil. So you might want to put down why this is needed. 
It is not needed to make sugar directly. Can you suggest 
some indirect necessity for it? [ls p] Any idea where it 
might be-needed in the process? [6s p] It doesn't become 
apparent from what we've studied so far. So I'll probably 
have to help you. Nitrogen becomes very important in the 
making of some of the chemicals used in the making of 

food say in the machine, or factory of photosynthesis. And, 
ah, nitrogen is important in making the plant green. It 

is important in the synthesis of chlorophyll. Not because 
it is in the chlorophyll molecule itself but it is used in 
helping the chlorophyll to be made. Maybe you've noticed if 
the nitrogen is scarce in the soil the plants do not have 
that deep bluish-green tinge. And you can easily tell where 
you've put the fertilizer and where you haven't if you've 
done any fertilizing of your lawn. You sort of tell after 
two or three weeks where you might have missed. When you 
drive through a community you see lawns repeatedly, you 
probably don't look at them, you probably look at the other 
things, like people grass. But in the case if you look at 
lawns, you might have noticed sometimes, the lawn looks a 
little patchy, depending on how the person did that, applied 
it. You can sorta see dark green patches interspersed with 
light green patches, as if they went out there with their 
hand and did it this way. Or if the spreader sort of 
stopped and got plugged up and then cleaned it out and 
starts again you forgot where you left off you get sort of 
an uneven patch, ah pattern. Well you all know some 
chemicals in cells that have nitrogen in them directly, ah, 
one in particular. Can you name ...? Ammonia has nitrogen 
in it and plants need this. Amines have nitrogen in it and 
amines are used for making what big complicated molecule? 


Proteins. 


Proteins. What we're saying is if a plant is goin’ to have 
enzymes and the machinery of membranes, that it's going to 
have to have nitrogen. So, to summarize what we're saying, 
nitrogen is absolutely essential to build the enzymes that 
participate in photosynthesis. Well, what other ah, mineral 
do you see on your fertilizer bags? The second number, do 
you know what that stands for? [3s p] Let's Say we have a 
fertilizer bag with the formula 6-12-0, something like that. 
You always have three numbers on the bag. Ah, these are 
percent figures. The first one means the percentage of 
nitrogen by dry weight, that's the percentage of the total. 
Let me repeat that. We're saying the first number 
represents the percentage of total dry weight of ah, 
contents of the bag, ah that, that is nitrogen there. 
What's the second number represent? [3s p] Well, let's 
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give you a clue. That is beyond what you normally think 
about I'm sure. The second number is ah, representative of 
phosphorous. Now, phosporous isn't required in as very 
large quantities as nitrogen. You can put some number on 
these things and say nitrogen is required let's say 15 —- 
in comparison to that, phosphorous is required in two parts. 
The third number on the bag is, we're simply going in 
alphabetical order here, the third number is potassium. 
This is required in larger amounts than phosphorous. The 
rating here is about 5 parts. O.K. then the three most 
important elements that we, here in Alberta, think we should 
be adding to soil, depending on our soil condition, and you 
vary the formula from spring to summer, to fall. What you 
put on in the spring emphasizes the minerals that help the 
roots to grow and later on you emphasize the nitrogen a bit 
more. This number becomes large on the bag and these get 
smaller. O.K., ah, just want to add a few more that plants 
require. In the same league, Alberta soil usually has lots 
of calcium, calcium, sulphur, and magnesium. These six we'd 
say make up what we call the macronutrients, the big items. 
The major minerals required by the plant to grow. I'm 
saying the fertilizer bag, or the little bottles you buy, 
for your houseplants are probably emphasizing these three. 
These three are usually adequate in the soil. I do want to 
Single out this one and just comment. Magnesium is required 
for making chlorophyll. It is in the very heart of the 
chlorophyll molecule. Without magnesium the plant cannot 
possibly be green. Magnesium to a green plant is like iron 
to red blood. 
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A lesson in gas exchange in plants presented by teacher "C" 


Janet: 


Now chapter twelve dealt with a little bit about gas 
exchange in plants. And first of all name, naming the two 
gases involved Heidi. In transporting or exchanging gases in 
plants are going to be? 


Carbon dioxide and oxygen. 


Carbon dioxide and oxygen. ‘These are also the two gases 
that are involved in animals. As a matter of fact those are 
the two major gases that are involved in all life. Now 
there could be certain organisms, for example bacteria and 
maybe the odd virus or so that's not necessarily going to 
need any oxygen what so ever. Now this exchange of oxygen 
and carbon dioxide will take place with its environment. 

One of the necessary components for oxygen to exchange places 
with its environment from with inside the cell. What is one 
of the major factors or components necessary for this 
operation to take place. The movement of oxygen from its 
environment with inside the cell. There is one component 
that is necessary. Mary? 


Water. 


Water. O.K., now that's going on the premise that one of the 
statements that I made is that... The way we define life, 
one of the necessary components, and obviously there's 

going to be some organisms that will dispute that but by a 
large extent there... But most organisms that are 
considered to be alive, or cells that are considered to be 
alive are going to be surrounded by a fluid. And that fluid 
is going to be the extracellular fluid. Back in chapter six 
we took up some of the things that must be kept at a 
constant level in that extracellular fluid. And we termed 
and phrased that constant level of, of oxygen, carbon 
dioxide, pH... What term did we apply to that Glen? To 
things that are kept at a constant level? [3s p] And it's 
not equilibrium. It might be isotonic? Well that's 
comparing food materials on opposite sides of a membrane, 
then they are equal, isotonic. But if things are kept 
constant (4s p) Janet? 


Static. 


Static almost. There is a word that is applied to that. 
Static is fairly close. What would go along with that. 
Lynda? [2s pl] Joyce? 


Homeostatic. 


Homeostatic. So that now something is homeostasis. That 
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means it is going to try and control a certain level of 
Materials in its environment. And these materials in the 
environment must be kept at a fairly constant level. One of 
those things or I should say two of those things that must 
be kept constant in the environment of a cell are going to 
be the gases involved. Those two gases that Heidi stated 
earlier are going to be carbon dioxide and oxygen. Most 
organisms are going to consume the carbon dioxide in their 
chemical reactions. And if they're consuming carbon dioxide 
they're probably using other materials for example, water 
and they'll be releasing oxygen. Or they could be for 
example taking in oxygen and releasing carbon dioxide. Now 
those are the two major processes of like. The building of 
the complex material which is the consumption of the carbon 
dioxide or making of sugar. Or the breaking down of the 
sugar molecule and the releasing of carbon dioxide as a by- 
product. So those are the two major gases involved. The 
two major processes using those gases are photosynthesis and 
cellular respiration. So if those are the two gases then 
somehow we're going to deal with plants first. Somehow 
those plants have to acquire the gases that are necessary. 
And in plants one of the major gases necessary is going to 
be carbon dioxide if we're talking about the leaves. But 
carbon dioxide is needed for the process of photosynthesis. 
Now you know yesterday we talked a little bit about roots. 
And a few of you weren't here yesterday. Ron seeing that 
you weren't one of those people, what is one of the necessary 
components that will be absent for roots that will be 
present for leaves? [3s p] Now think, it's going to be 
around for leaves but not going to be around for roots. 

I'm going to ask the people that weren't here. Barrie? 


Oxygen. 
Oxygen. No. Something else. 
Sunlight. 


Definitely. In most cases roots are going to be down under 
ground. Most cases leaves are going to be found above 
ground where there is sunlight. Now going to that concept 
of structure and function, we have two materials that are 
going to be described differently. We're going to have the 
leaves that are going to be described differently. We're 
going to have the leaves that are above the ground are going 
to be described different than the roots that are below the 
ground. Now we, because of that structure we're going to 
deal the gases different. If the structure is different 
chances are the function is going to be different. The 
leaves that are above the ground require the sunlight and 
the carbon dioxide mainly. Yes all the cells require oxygen 
but we'll get into that later. Underneath the ground there 
is no sunlight. The structure is different, the two gases 
involved are still carbon dioxide and oxygen but they use 


oxygen because the function of photosynthesis requires 
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Lawson : 


carbon dioxide and there is no photosynthesis in the roots. 
So in the roots they're going to be taking in oxygen and 
giving off carbon dioxide. And in the leaves they're going 
to be taking in carbon dioxide and giving off oxygen. So 
their structure is going to look for different functions. 
And those functions are going to be the use of gases in 
different ways. The same gases but using them in different 
ways. The same gases but using them differently. Now, I 
went through yesterday , I went through how gases get into 
the roots and stems. To a large extent if the oxygen is 
going to make it into the cell it must be dissolved in 
somehow in the water. The soil is going to have moisture 
films around each particle and the roots coming into contact 
with the water and thus take in the oxygen. Because they 
don't photosynthesize they need oxygen. Carbon dioxide will 
be eliminated in the opposite direction. So the roots are 
going to need Barrie, air spaces which contain oxygen. 

O.K., now the leaves on the other hand... 


How come they have to get oxygen? How come in some plants 
they're supposed to sit in the water? Like when you just 
cut off a shoot and place it in water? 


O.K., alright. Good question. If he's just taken a plant, 
and he's talking about making a slip or something. Usually 
when you make a slip where would it be? Tell me how you go 
about making a slip. The process, that's not with a sewing 
machine, a slip from a plant. 


What would you do? You just basically told me. 
Snip off the plant. 


And then? 


O.K. Where are the roots of the plant? 

Still attached to the plant. 

Still attached to the plant under the ground right? 

Yasui => 

Right. Right. That's right. What you've done now by taking 
and placing the little slip in the water is bring the 


water in direct contact with the cell. Eliminating the 
roots. 


They don't necessarily need a large quantity of oxygen, 
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because we don't have the roots. And any oxygen that's 
dissolved in the water, should be enough oxygen to look 
after the oxygen requirements of the cell. O.K. so by 
cutting that piece of twig off and putting it in the water 
you've eliminated the roots so you don't need the function 
of those roots anymore. 


Then why do you think there are roots? 


Ah, well that's called differentiation. That's 
specialization and that's controlled by hormones. We'll be 
getting into that a little bit later. Maybe we could keep 
on going with this but it gets off track a little bit. So 
we if we keep with the gas exchange. That was a good 
question about the gas exchange but the extension of the 
roots that gets us into hormone control. And let's get the 
gas exchange first and the we look/[up how 


I just thought that if 
they had enough oxygen to make[roots 


Well you see, --- a viable 
plant you have have to have an organ system. An organ 
working with another organ with another organ. So you have 
roots that are no longer there. You have snipped them off, 
so you have a stem which could be an organ. The leaves 
which could be an organ. So as an organism it's incomplete. 
Alright? And for it to have any form of growth it would 
then have to take in more water. The best water absorbing 
type structures are roots. So therefore as a function it 
would like therefore at least to develop a structure that's 
going to look after it. I'll keep working structure and 
function at you guys until you understand it. Everything has 
a function because it has a structure, and that structure is 
going to have a direct bearing on how that function is 
carried out. O.K.? 


Now what we're talking about leaves we have a process of 
photosynthesis which is taking in of carbon dioxide and the 
union of water. I'm over simplifying this process, energy 
of the sun... Sure over simplified but none the less that's 
basically what happens. When we're talking about the 
exchange of gases within a leaf, the leaf is usually 
outside. We'll talk about terrestrial plants first and we 
leave the aquatic ones alone. The terrestrial plants 
usually have an atmosphere that contains both gases oxygen 
and carbon dioxide. I'm going to concentrate on the carbon 
dioxide intake of a plant and I'm going to show you how it 
gets into the leaf and also how the control of gas exchange 
is controlled by the guard cells. 


Now, the cross-section of the leaf. At the top of the leaf 
you have a water resistant cuticle, a layer of epidermal 
cells which is something like your skin, they're 
transparent, protective. There's a layer of cells just 
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below that which are the palisade mesophyll, the palisade 
layer they contain a large number of chloroplasts and that's 
where the process of photosynthesis will take place. We 
have another layer of cells, these are spaced out all over 
the place. Large spaces in between. They are spongy 
mesophyll. There's a lower epidermal layer, a lower cuticle 
and also an opening or a pore. This pore is the stomata. 
The stomata is controlled by two distinct cells that are 
kidney-shaped on either side of the opening. They're either 
going to be open or closed. Now if it's open obviously 
there's going to be great oxygen loss and carbon dioxide 
intake, water loss. O.K.? Obviously. If the pores are 
open, it's like you when you sweat. If your pores are open 
you sweat. When your pores are closed obviously you're not 
sweating. [4s p] It's not exactly the same but at least 
you get the idea. When the pores are open there's going to 
be a great loss of material as well as an influx of 
materials. So the opening and the closing are controlled by 
the guard cells. When the carbon dioxide comes in through 
the stomata it comes in contact with a film of moisture that 
is surrounding all this spongy cells. It then becomes 
dissolved and can be transported to all parts of the plant 
which require carbon dioxide for the process of 
photosynthesis. Alright, now if I want to look at carbon 
dioxide intake I have to start to look at what is going to 
control the opening and closing of that stomata. Which are 
the guard cells. Now if I draw guard cells greatly enlarged 
and I'm going to look at the guard cells and most of the 
guard cells are located on the underside of the leaf. So 
I'm going to give you a picture on the board of looking at 
the underside of the leaf. Guard cells here, stomata is 
here in the opening. The structure is that, such that the 
inner layers of the guard cells are much thicker than the 
outer layers. O.K., now I can't just all of a sudden 
isolate the guard cells because notice there are other 
epidermal cells on either side so... I don't know what kind 
of a plant would have cells like that anyway. You have 
cells, epidermal cells, the opening and closing of that 
stomata, that might be the opening here, is controlled by 
these two large kidney-shaped cells. We also in the 
previous chapter where we have osmosis taking place. And 
osmosis is established when you have for example, 
concentration gradients set up. So you have a solution 
which has a high water concentration separated by a membrane 
and a water concentration which is low. We're going to have 
the water move from a high water concentration to a low 
water concentration. Now if we have a container that has 
water on both sides of a membrane, if it was pure water, 
water would flow in both directions equally. And Glen there 
is your isotonic. Now if for example I took, oh some sugar, 
some glucose, and I sprinkled some glucose in this side... 
Try and keep the volumes about the same, I'm not concerned 
about the volumes, concentration. If this is pure water in 
relationship to this, this is going to have a high water 
concentration compared to this water concentration which is 
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going to be low. So by increasing the solute on the right 
hand side I decrease the water. Therefore the movement of 
the water is going to be from the left hand side to the 
right hand side. O.K., I'm going to try and do that here. 
Contained inside these guard cells are structures known as 
chloroplasts. Now the water concentration to begin with is 
the same thing. The water concentration around the 
epidermal cells are exactly the same at the beginning point. 
Now early in the morning when the sun comes up and it 
strikes the leaves, the leaf will begin to photosynthesize. 
The end product of photosynthesis will be? I should be 
working in this direction. The end product of 
photosynthesis is going to be glucose. So early in the 
morning when the sun strikes the leaf it causes these 
chloroplasts to photosynthesize and produce glucose. The 
epidermal cells do not contain chloroplasts they're only 
clear. Therefore, they're not increasing the solute. So 
now what we have is the water concentration inside the guard 
cells is going to what? [4s p] In relation to the water 
concentration in the epidermal cells. Julie what's going to 
happen? You've got a high water concentration on one side 
of the membrane and a low water concentration on the other 
side. What's going to happen? 


Well, son © 
Sure. Excellent. Sure that's all there is to it. So, some 
of the water from the high water concentration is going to 


move inside the cell. Lois, what's going to happen to that 
guard cell? 


Expand. 


It's going to expand. It's going to swell. Now, rather than 


trying to erase and try to draw all that thing again I'll 
just re-draw this particular cell. Now, you'll notice it's 
quite a bit larger. So it's taken in a lot of water. Now 
if this guard cell is taking in water this guard cell 
probably is also going to take in water as well because it 
contains chloroplasts. So you end up with a situation where 
the guard cells become greatly enlarged because inside the 
water concentration is low and as glucose (end of tape) 


.eyou have the stomata open so that carbon dioxide can move 
in. Now did you get all of that yesterday? Did you get any 
of it? Some of it? O.K., stomata controlled by guard 
cells. The walls are thick, elastic, the outer walls are 
thinner. When turgor develops the thin walls bulge out 
forcing the inner walls into a crescent shape which is going 
to open. The loss of turgor the guard cells are closed. 
Now the process I've just described to you and also written 
down. Now we can apply the effect of pH on the stomata as 
well. And we will do that. 


O.K., if you can just bear with me. I want you to drop your 
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pens. Put them down. I want to finish off this part plus 
the part that's coming up. Now I've described what is 
coming up, basically to you already. Now I'm just going to 
apply it with just a little different concept in mind. 
Concerning about plants. O.K., again light stimulates the 
opening of the stomata by first of all stimulating 
photosynthesis in the leaf, number one. Number two, which 
causes a reduction in the carbon dioxide concentration of 
the air in the air spaces. This is the reduction of carbon 
dioxide O.K.? Now, which increases the pH of the cytoplasm 
of the guard cells. Now why would the pH increase? Anybody 
have an idea? Increase means becoming? 


Basic. 


Basic, therefore carbon dioxide is probably going to be 
found in what form, with water? Producing carbonic acid. 
So now if carbon dioxide ---. As soon as the sun comes up 
in the morning and photosynthesis starts which is the 
consumption of carbon dioxide is reducing its acidity or 
becoming more basic. And as it becomes more basic the pH 
increases. Everybody with me so far? Which promotes the 
accumulation of solutes. Glucose. Actually 
phosphoglyceraldehyde or PGAL. Which causes the water to 
enter the guard cell by osmosis form the surrounding 
epidermal cells which we've just looked at. Which causes 
the build up of turgor and the stomata open. [13 s p] Now 
most of you are probably there. Do you need it any higher? 
Now, outside carbon dioxide is found --- carbonic acid. 
Now, know that it's not going to be found as carbonic acid 
because that is avery... It could be very bad for a plant 
to have large quantities of acid floating all over the 
place. Yesterday when I went through it I described to you 
that the carbon dioxide when it joins with water produces 
carbonic acid which then dissociates into a bicarbonate 
allowing hydrogens to be released. And anything that 
liberates hydrogens is classified as an acid. But to 
understand how it is with plants you have to understand a 
little bit about the union of water with carbon dioxide. It 
stimulates photosynthesis and causes a reduction in carbon 
dioxide concentration in the air in the air spaces which 
increases the pH of the cytoplasm of the guard cells which 
promotes the accumulation of solutes which causes water to 
enter the guard cells by osmosis, which causes a build up of 
turgor. The guard cells swell. 


~~? 


How long would it take for a guard cell to open? Not very 
long. -—-. But it would depend on three or four things. 
The accumulation of glucose, how fast ---. It leads to some 
very interesting kinds of questions. 0.K. question. How 
could I artificially, after I've stated the process of 
photosynthesis open the guard cells. How could I very 
quickly close the guard cells? Glen? 
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So if I added carbonic acid it would lower the pH and it 
should drop and guard cells would close. Take light away. 


Is light more important? 


Ah, good question. Is light more important? You answer it 
for me. 


O.Key now we will find out later on why why it is more 
important. How else could I stop this from happening? 
Blake? 


If I have the guard cells open, how could I stop the guard 
cells from opening? Or how could I close the cells 
artificially besides turning off the light? Introduce acid. 
How else? I'm saying artificial so you can come up with 
anything. Conjure up any idea you want. 


—emom 
® 


Take a needle, stick it in and bring out the 
That would reduce what? 


Alright. 
water. 


It would reduce pressure. What is that pressure called? 
Say it. Say it louder. So if I could reduce the turgid 
pressure within the guard cells then the guard cells are 
going to close. I could do that also by reducing the 
temperature because it's going to be a chemical reaction 
which photosynthesis is. So if I slow the rate 
photosynthesis down by reducing its temperature I should be 
able to prevent an accumulation of solutes. I could also 
stick a needle inside the guard cells and even extract only 
the glucose, therefore the water as Glen said earlier would 
be in an isotonic situation and there'd be movement of water 
equal and the pressure would be reduced. What's that? 


If you added sugar to the epidermal layer and you've created 
an isotonic situation again. 


The next little bit is just a bunch of facts that can be 
applied to gas exchange and that is kind of fill in some 
empty parts along the way. So the actual gas exchange parts 
of the plant are going to be the primary the oasis areas 
which are bounding spongy mesophyll. And again that relates 
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back to the fact that I keep harping at you is that a cell 
that is usually considered alive is going to be surrounded 
by a fluid. Of course there are situations where you have a 
spore formation and stuff like that. But then again they're 
a special kind of life. Almost like suspended animation. 

So we won't concern ourselves with those right now. But an 
operating cell needs to be surrounded by fluid. And this 
fluid which is surrounding the spongy layer, O.K., now you 
can begin to draw correlations between plants and animals. 
Gas exchange in plants they must have oasis cells. The two 
gases involved in plants are carbon dioxide and oxygen. 

Your start looking in animals, the two gases involved in 
animals are going to be oxygen in, carbon dioxide out. ‘The 
same two gases. Chances are because we're working with the 
same two gases the structures involved are going to be quite 
similar, and they are. Inside the stomata, or inside the 
leaf they must have spongy cells surrounded by water. 

Inside the lungs when we're dealing with oxygen and carbon 
dioxide the alveoli, which are the tiny little 

structures, have to be coated for. There has to be a fluid 
made available. And this is very evident when you get 
yourself a cold. Your whole bronchial system begins to dry 
out and you begin to notice it becomes very difficult to 
breathe. You can still do it because you don't dry your 
lungs out completely. O.K., so there you go. Two gases, 
the functions are very similar; therefore, you expect the 
structures that have some similarities. So water loss is 
prevented by the epidermal cells covered with a protective 
covering, a waxy covering called cutin or cuticle. The 
water vapour that passes out of the leaf through the stomata 
is called transpiration. And we're going to be doing more 
of that later and in chapter fourteen. But anyways there it 
is. When water leaves a leaf it is called transpiration. 
Transpired water is transported by water from the soil. And 
that's why you throw water on the soil to water your plants 
at home, rather than on the leaves. Water is taken up by 
the roots, to the stems, to the leaves. Now an extension of 
that, getting into a little bit of transport but it does fit 
in a little bit. The transpiration drives the transport 
mechanism by which inorganic nutrients are brought in from 
the soil to the leaves. So if the leaf, in its process of 
IManufacturing certain materials they need some inorganic 
materials, those inorganic materials come from the soil. 
How do they get to the leaves? They get there by the 
transport of water. The vessels named are the xylem. 
Transpiration is a cooling process. Each stomata acts like 
a humidity sensor. Again I go into more detail in chapter 
fourteen, go into it, how it acts as a humidity sensor. If 
water is acting as a cooling process does anybody have an 
idea how it happens? Or why? Anybody want to try it out? 
How can water act as a cooling process? Evaporation, O.K.? 
Now how does evaporation cool? O.K. evaporation is correct. 


Doesn't it -—--? 
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O.K. now most of you realize when you sweat you release 
fluid. Fluid is now coating your skin. What happens is, 
the moisture that is now on the outside of your skin absorbs 
the heat from your body and in the process of absorbing heat 
the moisture on your skin evaporates. So it has taken heat 
energy from your body to evaporate the water. The same 
basic process is taking place in plants. The water that is 
being transpired coats the outside and inside of leaves. As 
the sun is beating down on tops of the leaves it warms the 
leaves up. Some of this heat is transferred to the water. 
The water then evaporates. In other words as the water is 
evaporating it is taking heat away from the leaves; 
therefore cooling the leaves. There is a process that is 
called photorespiration. One it might be a little bit 
difficult to understand at this point because you haven't 
really taken photosynthesis; you haven't taken respiration. 
Now when photosynthesis begins it is an accumulation of 
glucose, glucose is an increase in solute; therefore, there 
is a concentration difference and water moves into the 
stomata and the stomata open. Well, if the stomata also 
contains other materials that taken the glucose and break 
them down. The broken down glucose then add to the carbon 
dioxide concentration. Now the process of breaking glucose 
down is called respiration. Respiration is greatly affected 
or more so affected by temperature increase than 
photosynthesis. So, the sun comes up in the morning it hits 
the plant, the stomata open because there is a build up of 
glucose in the guard cells. The guard cells because they're 
being warmed up also have their rate of cellular respiration 
increased. Now cell respiration is taking glucose and 
breaking it down into carbon dioxide and water. As the sun 
keeps beating down on top of the plant, respiration is 
suddenly going on faster than photosynthesis. Well we have 
a reverse situation. There is less solute; therefore, the 
stomata close shut. And that usually takes place in the 
hottest part of the day. So basically during the hottest 
part of the day respiration is going on faster than 
photosynthesis. And that's called photorespiration. Also 
its kind of funny because that's when most people water 
their lawns. And that's probably the worst time to water 
your lawns because the plants take in water corresponding to 
the water they lose during transpiration. Well if the 
stomata are closed their not transpiring; therefore, they're 
not taking anything in. So if you're watering it soaks down 
into the soil and the grass doesn't even use it. so if you 
want to water your lawn you water it early in the morning 
when the sun first comes out, the stomata open, there is a 
lot of water loss; therefore there's going to be a lot of 
water intake. 


Not in the hottest part of the day. Well, the hottest part 
of the day if you keep watering it long enough you can cool 
the grass down where it will work but you have to use quite 
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a bit of water. So photorespiration, or respiration of 
photosynthesis are directly related to the temperature; 
therefore, as the temperature increases so does respiration 
at a rate faster than photosynthesis. So the stomata close. 
The concentration of carbon dioxide rises. Or in other 
words the solute concentration decreases; therefore as Glen 
said, the situation would be what, Glen? The same 
concentration. Isotonic. 


Now there are a few plants that prevent this from happening. 
So that if a plant can keep its stomata open all the time 
that means it is constantly taking in carbon dioxide; 
therefore, it can constantly carry on photosynthesis and 
it's probably going to produce more food and more food it 
produces obviously the larger it's going to grow. Some of 
these plants for example like corn, Sugar cane. Most of you 
realize corn can grow two or three metres high in one 
season. In one growing season. That's why if you've ever 
noticed crab grass or quack grass, why after you've finished 
cutting the grass, three days later the quack grass needs 
cutting but the other lawn is still small. Quack grass 
prevents photorespiration from happening; therefore, it's 
going to photosynthesize faster and produce more food. so 
theoretically if geneticists can develop plants that resist 
photorespiration our food production can be greatly 
increased. O.K. we're almost done. The last part 
tomorrow's class. Make sure tomorrow's class you bring 
your labs. --- handing it back to you. We're going to be 
using that as the basis for photosynthesis lab. You're 
going to have two unknowns. Two unknowns, what's tomorrow? 
Wednesday. Thursday you get a test. 
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An introductory lesson in autotrophic nutrition 
presented by teacher "D" 


ee. along the lines of what Mr. Benson has to say. I'm not 
so sure that, that one should read the text and just get 
really confused and then we go through it in class and the 
way I present it, it is a little bit different --—- the main 
confusion. --- I'd just as soon confuse you myself as have 
---. There are some facts here that when we get into some 
biochemistry that will prove to be a little more difficult 
for some than ---. I'll present it in a much different 
fashion that the text because I think I have an easier way 
to do it. So what I suggest to you then, if you're going to 
read the text through, just read the first part to give you 
some of the facts. Once you get into the reactions which is 
nine point six, the dark reaction --—-, nine point six and on 
from there you might not read that so much. Listen more 
carefully as to what we do in class. I've scheduled a long 
period of time to go over this unit because it takes a 
little bit of time for it to sink in. And often we go 
through it in basics we have to go over it in general and 
then try to work our way down to give us an understanding of 
concept and then we'll get down to some specific 
information. And then we may try to look at that from three 
or four different viewpoints and what we want to do is ---. 
I found at the end of last semester when we went through a 
review of this unit it took about ten minutes to review it 
and then --- understand. They recognize that, that ten 
minute review was worthwhile because we spent four weeks, or 
how many periods in this case, during the course going 
through it in a very slow and careful fashion. Now in 
introducing this, ah, I'm not going to call this 
photosynthesis. We have another title for this unit which I 
think much more indicates what we are discussing. And that 
is energy transformation. So far we've discussed the cell, 
what it's made of, atoms and molecules. We've done a lot of 
chemistry and we have some understanding to the processes. 
Last unit we discussed previous to the cancer was this idea 
there are some transformations that involved in metabolism. 
Why is a cell living Lorna? 


It was sort of that question on the test. --- equilibrium. 
Notice this desk is all combined together. Sam? 


Is it the transfer and exchange of energy within the cell? 


O.K. Basically that's what you're 

trying to say I don't want to ---. Basically what we said 
or tried to conclude this by using a big work so it sounds 
more impressive, cells are alive because of their ability to 
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metabolize. Which meant exchange things with their 
environment and make transformations inside. And that is 
the quote, condition for life. The ability to metabolize. 
Now the key concept to being able to metabolize is the 
energy for chemical reactions. We talked about enzymes and 
how they do their job and electrons and stuff. What we want 
to do now is step outside the cell itself and look at energy 
in general and this first introduction is a lot of theory. 
But if you'll pardon my using some terms that as I 
mentioned. A theory based on what we consider to be some 
laws. Which you were supposed to learn in chemistry. 
Alright, the first concept. I'm going to go through five 
concepts during this period, so by the end of the period 
there should be five things that you learn. O.K.? I'm not 
going to number these one, two, three, four, five. We'll 
just go through then. 


The first concept is a mathematical formula. Alright, what 
does that mean Dave? 


Um, the universe is made up of things that, I don't know, 
things that are alive? 


Dana. 

It's made up of everything. 

Pardon me? 

It's made up of everything. 

The universe is made up of everything? Lane? 


Ah, it's made up of living systems plus the surroundings 
around it. 


I did put down originally, it has to be be in a living 
system. You might as well jot down we'll be talking about 
--- SO what was that again Lane? 


The universe is made up of living systems plus the 
surroundings. 


O.K. Now let's come back to the shelf again. Dana, what 
was the universe again? 


It's everything. 
What's your concept of the universe, Dana? 
It's everything. 


Sort of everything that makes up everything. Is that 
what you were going to Say? 
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I don't know. 


Camile, where are you? What's the universe? 


Everything that's in existence right? Sam? 
Um, --- system in balance? 


O.K. What you're talking about now you get into another 
concept. Everything, this everything is in balance as well. 
Is that what you're saying? O.K. let's try and focus on the 
earth then. That's what we really like to focus in on then. 
Dale? What's in the universe? 


Space and all the things in it. 


Space and everything inside. That's nice. That's spaceship 
down or something? Space like this? Do you mean outer 
space? Or inner space? Is there anything is space? 


I said space and the --- 


Is there anything in space which is what you said. That's 
what I'm asking. Space is everything that is in that space. 
Is there anything in space? 


You're switching. In a space, a space. There's nothing in 
a space. What he said was space. And there's nothing in 
Exont of it. 


The space. Dale, I'm not trying to make fun of you at all, 
it's something I've thought about a lot too. When is the 
universe? We use a symbol often to represent the universe? 
What's the symbol? Naja? Infinity, right? We use the 
symbol, don't necessarily write it down, but we use that 
symbol to represent the universe. As you all said, Dale 
said it best of all, as you've all said the universe has 
everything in it. It's very difficult to give just a finite 
position or statement on the universe because the universe 
is not finite. Alright, it's infinite. And so when... I 
was, sort of playing on Dale's concept, Dale's concept is 
the same aS ours. When you think of the universe... You 
remember going through it as a little kid when you first 
learned your address. 115 or whatever, then Edmonton, 
Alberta, then Canada, North America, earth solar system, and 
the universe is at the end, whatever that is. --—- 
elementary schools when you tell everything about 
everything. Ah, we use this term universe to talk about 
everything, get none of us really understand it, what the 
universe is. It's a concept that, that's beyond our 
understanding, because you and I understand things that are 
like you and I have barriers. It's got to fit inside 


barriers. You must don't understand it. It doesn't make 
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sense. We're talking about living systems that are found in 
this infinity, alright. And we're going to be discussing 
some energy transformations as they relate to these living 
systems and so we need to bring down some boundaries if we 
can understand our living systems and the energy that's 
required to make this system work. So we use a little 
formula that stands for the universe, that's everything, 
whatever everything is. And that's why, when you said is, 
when I said is there anything in space, it's not quite as 
ridiculous question as it seems. What is there out in outer 
space where there's supposedly a vacuum? Is there something 
in there that's not considered to be space? That's 
invisibly small, that's in another dimension? We start to 
get into philosophy. We don't know. We just don't know. 
We do know something about living systems and they're fairly 
concrete. And so to make the formula work we say that the 
living system, which you and I have an idea of, we would use 
ee We will talk about the sun to start with. That living 
system is definitely a part of the universe and everything 
that's outside of that, everything, plus this system is going 
to make up the universe. O.K. that's first of all, then 
give us some boundaries definitions. The universe includes 
everything, this includes all the matter, includes all the 
energy because the universe is everything. That can be 
broken down into a finite system which is made up of some of 
that matter which is going to use some of that energy plus 
everything that's going to be outside that system, that 
surrounds that environment. Outer space, everything, that's 
outside that. Make sense, Dale? It seems probably pretty 
trivial when you look at it right off the bat. Alright, 


O.K. you're adding one more concept to this and that is ah, 
something to do with energy. If you want to just hold onto 
that for just a sec. Let's just talk about the matter 
portion. Matter can neither be created nor destroyed. What 
does that mean? Gerry? 


Well ah, there's ah a finite] amount 
There's a finite amount of 


matter. 
And it can only be transformed ---. 


O.K. it means there is x amount of matter. Is that what 
you're saying? 


Yes. 


And you can neither create it nor destroy it. You can make 
it a different shape or kind but you can't destroy it. 
There's a finite amount. Is that what you think, Laverne? 
Is that what your concept of this law? 
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Ya, that's 
Which, more or less? 


Well you can't just make more? 


You can't must make something from nothing I think we all 
have that.concept, right? Atoms have got to be there. You 
can rearrange them in a chemical reaction, you can change 
the partners. You can't just make it out of nothing. 
Right? And so we say there has to be a finite amount of 
matter right? What about your unit on nuclear energy? What 
about that unit? 


We took food and 


You took foods and ---.. I won't ask how many took the unit 
on nuclear energy. You probably did a unit on nuclear 
energy where there was a chemical reaction where there was a 
loss of matter in the reaction. Right? 


The energy is transported. 


But your teacher said don't worry about that, it's gone. 
It's just transformed into what? 


Energy. 


Energy is what they say. It's just transformed into energy. 
Well what's energy? You've all read Einstein's theory of 
relativity. He gave a famous formula. What was his famous 
formula that you used to spout off in junior high to show 
how smart you were? 


E equals mc squared. 


What's that? You don't know you just said it? What's e 
equals m c squared? Dale? 


Energy equals the mass times the speed of light squared. 


Energy equals the mass times the speed of light squared. 
What does that mean? It works. You don't ask questions. 
You just do it. Never ask questions, never complain, always 
obedient, just always ... You've heard that at home. What 
does that mean? In very simple terms. What does it mean? 
What does it suggest to you even if you don't know what it 
means? 


Energy -—- 


Basically it means there is some way of relating energy and 
mass. So when we say that matter can neither be created nor 


destroyed we just can't make something out of nothing and 


299 


J ; ; > 


‘I n> ig 


fess - Noel es ee Lay 

if LARS ] “etaada yeF 

urea RIE we “ Renee nf 

faael 36 e70R sai | rep 
ny 7 


Sexon sitear taut sn wor Ltam 390798 


iis ow Anidd TE pemdton & Sixt hare vets Saunt Sag uot 
wor Sess Saar woe aoe s dusones Jed? eved 
epntui mao wy soc toESs. iaokstedo # t mors 68 sgl 
pnidson %@ Jue i sien Saul Péeb wer aventisy odd 


4 thuoms Stink? 6 od ot acd gredd yaa ev os Gaé oe an 
jaiW Sypises seelsen no inv Woy Selle 00 | Posy | ie 
| ar ; 


©” Gn boot HOd2 "SW" 


tins ‘edd 008 vist! ost tas. J" I w&— has aboot Xood woY 
+sofoua nO $ba 6 bib yidedoxy eoY .yo7ene-rseLouA ‘no 

5 2sw sioit stedw daddase? Lsolmeds 6 wsw exoit oredw L: foie 
“SAfighh ni soas7 ei hi Yediem to'aeol, 


sfastoqaneny ni woven a :3nebud 
top atti tat deeds yaow Pek bine vetioned woy Jua 
| ‘asriw Oat bemxcRansx3 


a) atat 
dh we a } ; 
é a ‘2 : eee 0 
<yptece oss} booriotanssd duct ets” yerld? dorlw ai ypisnti 
Jo yioads a'nisgenil heen Lise = Sypreme a'tadw Liew 


quomet afi acw tafW 6 lua, & sve of ivits {s1 
wot 98. es soeet ee ree slumior 
o ‘Soxew doy sae wod 


Std, 


Sivaulh dati 9p teh amin ete wa aingn spat 


boxsupe toil to beege edd semid aean sift alsupe yor 70 : 
wanotizenp des Snob woY .entow 31 Trhem sed’ sech JteiW ; ' 
ayawis ,nisiqnes 1even Soop alfa tk ob taut voY ™ | 
jotW = .omod 3s Jedd based ov' ge Senin, Sent. aetna 
Sapem 3i aseb tedW anrzo7 | mo Tram tedt e906 
Se en Son ae seu mt Sa 


bas yp19e9 mittele1 20 
tort capa eee pas 30s . 


Students: 


D: 


Student: 


300 


you can't lose it into nothing. And now we're into a 
situation where it happens well there must be a relationship 
between energy and matter into which you can change one into 
the other. Maybe you get the concept that energy is another 
form of matter. It's something to do with the speed of 
light, we don't understand it but we're bound by it. So if 
we throw in some fantastically large speeds we can get into 
this concept of energy that none of us really understand 
because it's back up in here. Something that doesn't make 
sense to us. Ah, what we're trying to get at is ah, these 
laws as you said Tony are things that are supposed to happen 
in nature under certain circumstances. Right? A law isa 
phenomenon, which is another word used to describe something 
we don't really understand. It is a phenomenon which always 
occurs under a certain set of circumstances. It's always 
the same. The law of gravity is always the same. You can 
measure, use it. We now know how to overcome that law or 
work around that law. You know we make space ships go out 
into space. We use some other laws. But these laws so to 
speak you will find, I hate to do this, is thoughts about 
unchanging laws, these laws we find we may not know all the 
laws. When we're playing around with energy transformation 
we have a bunch of pieces to a jig-saw puzzle, but we're 
missing some of the pieces. --— I know when I turn out my 
jig-saw puzzles it gets very frustrating when you can't find 
all the pieces. Because there is that beautiful picture but 
it's missing somethings, right? And you get frustrated. 
And that's sort of the way you might feel about this unit at 
times. That some of the pieces aren't there and I'm sorry I 
can't give them to you, because we haven't found them yet. 
But I very much think there are all the laws to let us 
understand this available if we can just find them. this 
law says that matter can neither be created nor destroyed 
only transformed from one form to another and that includes 
energy. So there is a direct relationship between these two 
things. As we look at a living system that system can make 
some transformations between energy and matter eventually 
and continue to live. The first law then of thermodynamics 
said matter cannot be created nor destroyed, but only 
transformed from one phase to another. To give you an 
example of that, that is very effective (rubbing hands 
together) we can take potential energy and we can convert 
that into kinetic energy. We have transformed potential 
energy into kinetic. What have we done? 


O.K., O.K., we can take something that isn't burning and we 
can burn it. And that's transforming potential energy of 
the substance into kinetic energy. What's the difference, 
quote difference you learned in junior high school? 


Potential energy is sort of locked in. 
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D: = energy. 


Student: Kinetic energy is 


D: Stored energy releases food. Right? The term 
kinetic we've used to refer to movement right? So changing 
potential energy to kinetic, we're changing a stored form of 
energy into a moving form of energy. It's sort of like 
taking an atom and speeding it up so it becomes energy. 
Whatever that concept is. In a nuclear reactor. Right? So 
we can transform, we can change different ah pieces of 
matter into different things by performing chemical 
reactions. But all this tends to be bound by the concept 
that under normal conditions you're not going to take away 
any atom and break them up and rearrange them. And this 
living system follows that law very well. Take a look at 
cells. You don't just create matter out of nothing inside a 
cell. And we don't lose it out of nothing, er lose it into 
nothing. The cell follows this law very obediently. You 
find nature by and large is very obedient. We wish 
sometimes people were as obedient. Ah, it follows the rule 
that says you can't lose matter and you can't create it. 
And so in the cell we find this law is followed pretty well. 
There's one other concept that's there that --- she'd like to 
explain to us and that's the second law of thermodynamics. 
It gives us some understanding a little more understanding 
as far as energy goes, is concerned in relation to this 
first law. What's the second law of thermodynamics? This 
is the one that is really important for living things. 


Judy: ——, 

D: Can everybody hear that? 

Student: No. 

D: You'll have to say it louder. 

Judy : I said heat cannot by itself cannot pass from one body to 


another body, i. e., something ;that is hot cannot make 
something that is hotter than it, more hotter. 


D: Got that Rick? So what is another way of saying that Judy. 
Judy: a 
D: She is saying that heat flows from hot to cold. O.K., time 


for me to again remind you of a chemical concept that heat 
lost equals heat gained. We've all gone through that. It 
doesn't go from the cold object to the hot object. It 
always goes from the hot to the cold. There's another way of 
writing this down but it --- another way of describing the 
second law of thermodynamics. Lorna? 


Lorna: “ners 
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O.K. Ann go ahead. 

I just, I just, the heat goes to the cold object, Do they 
balance out completely? 

They move towards an equilibrium. Ah, sort of. Sort of. 


Instead of belaboring the point. Which way is that Dick. 
The same word you didn't get right on the last chemistry 
test. What's entropy? What is it? You always like using 
these big words. What's entropy, Terry? 


It's when --- goes to randomness. 
O.K. Create randomness or everything moves to the situation 


as Ann said an equilibrium or a randomness. 0.K., so things 
tend to become more random, as they move towards 


equilibrium. And what was equilibrium again? I asked this 
a long time ago. What is equilibrium? Sid? It was so long 
ago. Lillian? 

Um, a combination of ---. 


We've used the word as far as concentration gradient is 
concerned. Where we had equal numbers of particles on 
either side. In the universe all things tend towards 
randomness, naturally. What does that mean? Dave? What do 
you mean when you say in the universe, it's up here, all 
things tend to move to randomness? 


Well things try to spread out so they take up all the space 
and their own space at the same time. 


O.K. that is one theory that ---. That's there's a 
spreading out to try and fill the entire space. Basically 
what we're trying to say is everything tends to become more 
disorganized. Randomness is disorganization. It is the 
state of disequilibrium. It is the state of equilibrium 
where everything is spread out equally. There can't be any 
Organization if it is spread out equally. 


But if it's spread out equally it's organized then. 


Ya, I suppose. You can take all the —— page you have there 
and take a look at a page from you text and take a look at 
all those words on those pages and have them move toward 
equilibrium, or in effect shake them all up so they're all 
randomly distributed and they'll have organization that, 
that. ah -——. 


—--? 


You do have a type of organization called randomness. 
Alright. Things tend to become less organized. Except 
where? Let me back up. I said naturally, and I tried to 
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emphasis the word. In a natural condition things tend to 
become more random. What effect does the natural have on 
this concept? Bill? 


What's the nature of this. That's what I'm trying to drive 
at. 


Things that are forced to be, or do a certain thing. 


O.K. we're eliminating the use of energy. Is that what 
you're saying? As we talk about force. Things just happen. 
what I'm trying to drive at is that there must be a law in 
nature that puts everything toward equilibrium. We talk 
about laws of diffusion, we talk about osmosis as an 
expression of that law. Things move to, well all over the 
place. That would create a situation of randomness. Now 
did we find, as far as osmosis is concerned, that that 
always continued, as far as the cell was concerned, until 
there was equal concentrations? 


Well if everything's becoming more random, how come we have 
laws of nature? If it's random we can't really have a set 
of rules. 


You can have a set of rules governing the moon, the world's 
randomness. 


O.K. the whole universe is becoming more and more random, 
eventually there won't be any law. 


Eventually. That's true. And when we get to the end of the 
universe. When we get to an understanding there is no end 
is there? You can't eventually get to something if there is 
no end. So those laws will always exist, unless we find 
some other laws that might be able to overcome or supersede 
or change the effect. O.K. What I'm trying to drive at is 
living things don't follow those laws. Living things don't 
become more disorganized, do they? Does the cell move 
towards disorganization, towards equilibrium? Did osmosis 
continue until the water was equally spread out on each side 
of the membrane? It stopped. And what did we call that 
situation where there was no net change? It wasn't 
equilibrium. We used the term, to give us some idea -—- 
understanding. We talked about, and we used this term and 
there was another term that we used ---. What is the other 
term? And both of these terms give us the idea that there 
is no net change. Fact that is was not equilibrium. It was 
not equal amounts on either side. There was no net movement 
of water. There was still more water on the outside than 
the inside. There was no net movement. Some other forces 
come into action. Just using that term, gives us the idea 
that to stop moving things towards randomness you have to 


apply some force, or apply some energy. If you don't apply 
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the energy what would happen? Sam? 
You'll have to go back. 


It'll follow this law. Unless you apply another law this is 
going to happen. Right. Now one of the other points I'm 
trying to drive at is, as far as this is concerned you and I 
as a living system, very small, very insignificant ... The 
length of our total lives on the earth is very small in 
consideration to what everything has been. Therefore the 
condition of life is momentary as far as everything is 
concerned, is a momentary period of time wherein energy can 
be used to keep you from moving toward randomness. It's 
only momentary though. Because as soon as you stop applying 
the energy or following the law that says energy is used to 
do work, or build or synthesize, as soon as that stops, 
we'll have ... What happens to you? You stop utilizing 
energy. You die. What happens to you or the matter that 
makes you up? 


What happens to you and all the atoms and molecules that 
make you up? 


You begin to be broken down so to speak. And you move 
towards randomness. Right? Finally you've had this 
thought passed on to you before, that the atoms and 
molecules that make you up are the same atoms and molecules 
that made up some plant at some point in time perhaps made 
up some other living thing. O.K. Because we believe this 
first law that says you've got to recycle matter. So every 
matter that makes you up has got to have been from other 
organisms or whatever and it's just been re-used. And as 
you eat things, you're eating atoms and molecules that have 
been around. --- 0.K. and so the point that I make is, 
isn't it nice for us to be able to determine or use some 
other laws. That's why I say the jig-saw puzzle isn't 
complete. To apply some other laws and to say ya, life is a 
little more unique than these other laws suggest that it is. 
And the key concept is this, that in order for you and I to 
exist we must take from the surroundings energy, and use it. 
And as soon as we lose the ability to take energy and use it 
then we will begin to follow this law ---. Yes? 


How come you have --- a closed system? 
Who said it's closed? 
All our molecules and stuff go to form other organisms and 


we eat other organisms. And it's all being recycled. You 
can't have really have randomness because randomness works 


outside of them. 
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Well, well it's like taking the words on your page. Shake 
them all up, you still have all the letters but it's a 
different rearrangement. And that's the concept I've been 
driving at as far as things are concerned. What I'm saying 
to you is, that is it a closed system? 


Well ya, well where else would --—- 


-—- transport energy that I mentioned in the nuclear reactor 
situation. Does the energy have to stay on the earth? Does 
the heat loss get into space? What is heat? We run intoa 
problem here. Heat is supposed to be the movement of 
molecules, but as soon as we get outside the atmosphere we 
say there are no molecules. There we go. Well, I hada 
scientist come in one time and try to tell us all about 
light. What it is. Now it was humorous because we knew 
just like he did that it's kind of hard to put your finger 
on. To find a definition of what it is. Is it a wave, is 
it a particle? What is it? The point I'm driving at is we 
call these laws because we see in certain circumstances that 
they, that things appeared to do what this law says under 
certain circumstances. Change the circumstances and you 
may, ... That doesn't mean the law still doesn't apply. 
It's just you've changed the circumstances, you've changed 
the players it may be different laws have a greater effect 
than this one. Before I get too far into this, but I want 
you to leave this by you saying in your mind that living 
things, the cell is capable of overcoming, or superseding or 
not following, the second law of thermodynamics for a period 
of time while the cell is, while the cell incorporates, 
uses, transforms energy in order to do work. That is the 
cell as the basic living thing does work as it utilizes free 
energy, you're not moving towards randomness. You're moving 
away from it. You're moving towards organization. Now 
please keep in mind these are only some of the pieces in a 
jig-saw puzzle. They're not all there. O.K.? ‘There are, 
quote, laws of nature. And the more we learn the more we 
realize that as you put these laws together to make 
different things it seems sort of silly to think you can 
overcome or destroy both the law of gravity, yet we see 
airplanes fly all the time, does that mean gravity isn't 
being obeyed? Well it is but there are other laws that are 
being used in that particular situation. 


You say we don't follow --- ? 


Momentarily, quote, life. As soon as it's not living do we 
follow the law? Ya, we do. So this condition of life, this 
quote metabolism, the ability to metabolize means what? The 
ability to use, transform energy and use it. Alright? Does 
that make sense? If you and I didn't use energy we wouldn't 
be here. That's how important energy is. Now, I want to 
say number three. O.K. let's go on here. Now we're going 
to try and separate out the universe and take a look at a 
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small part of the universe that pertains to you and I, O.K? 
Mainly ... 


(end of tape) 


Where did sun come from? We don't want to get into that. 
It starts in the sun, as far as you and I are concerned. 
Radiant dinner. You'll probably run out of space too if 
you're drawing as big as I am. ---. ---. O.K. The sun 
radiates energy out into space. Part of that comes down to 
earth O.K. What happens to the energy that hits the earth? 
That enters the atmosphere? Terry? Whatever this energy 
is. 


Some of it bounces back. 
Some of it bounces back off of what? 
Off the atmosphere. 


Off the atmosphere. Bounces back into space. So it never 
does get to the earth. What else happens? Lise, what 
happens to some of the rest of it? 


Some of it goes through the atmosphere. Causing molecules 
of the atmosphere to speed up, right? Very good. What else 
happens? 


It hits the earth once it gets to it. 


Some of it actually hits the earth, instead of being 
diffused in the atmosphere and begins to do something to the 
molecules of the land, the water. It speeds them up. And 
what else happens to that energy? It's absorbed? Is that 
what you said? 


It's used by the plants. 


O.K. it, that energy, also as it strikes the plants for 
example, it's used somehow. O.K. And then what else 
happens to that energy? Then some of it bounces off the 
earth. Just like a mirror it's reflected back out. Right. 


Some of it is stored by plants. 


Some of it is stored. Before it ends .. Well what happens 
to it ultimately? Does it all go back into space? 
Ultimately. But for a while it's stored. Lane, of course 
is moving us back on track. Thanks Lane. Some of it's used 
by plants in a process we call autotrophic nutrition. 

Right? What happens at this point in the energy? In 
general terms. Anything happen to the light energy as it's 
incorporated and used by the plant? 
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Sandra: 


Jim: 


Holly: 


We said it was stored right. 
It's incorporated -—- 


It's incorporated as you said into something. Right, it's 
transformed. It's not light energy anymore. It's now what? 
It's now what we term food energy. Right. So the light 
energy is transformed into what we call food. that may not 
be the best way to --- it goes a little beyond food. 

Sandra, what kind of energy does the light become? 


It becomes potential energy. 


It becomes a form of potential energy called? There's lots 
of forms of energy and this happens to be one of them. 
There are five or six different kinds. You said it made a 
molecule. It's stored in a food molecule right? And 
becomes a form of chemical energy because we're making quote 
food. And that food molecule that didn't exist before is 
being made by the addition of some energy; therefore, it's 
stored as a chemical energy in the bonds between atoms of 
what we call food or the actual name is glucose. O.K? Let 
me make a very important concept for you here before you go 
for your break. As we go from the sun down to the plants 
and as we transform light to chemical energy we should make 
a note that not all that energy is transformed into chemical 
energy as you mentioned some gets bounced off, some gets 
absorbed by the earth and so forth, and some of this is lost 
into space ultimately in the form of heat. And that serves 
COs. 6 


(end of period) 


Autotrophic organisms ah, plants; therefore we have a 
conversion of radiant light into quote chemical energy 
that's found in bonds of ah foodstuff. Alright so now we 
have chemical energy. Alright, the process by which this 
takes place is the subject of this unit on photosynthesis. 
But what happens to the energy now since all things are not 
autotrophic? Jim? 


Our energy is taken from the autotrophs and -—- 


O.K. the consumers which we will group together as the 
heterotrophs. It's probably not the best way to write this 
down but you get the concept. I can carry on with 
heterotrophic nutrition. Now, what happens as far as energy 
is concerned in the heterotroph? We take this energy that 
was one time sunlight and is now in the form of chemical 
energy and what happens to it Holly? 
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O.K. quote burn. O.K. Try not to think of a flame. 


Excellent. O.K. it's chemical energy but it's stored. 

Right, so that's potential and I'm sorry you can't all see 
that over there, but you heard it. That chemical energy was 
in the form of potential. It was stored in a molecule which 
we will learn was glucose and its derivatives. And what 
happens is that energy is transformed into chemical energy. 
But now hopefully in some way, shape or form into kinetic 
energy or it's used. And we will talk about the utilization 
of chemical energy later on. So we get an idea that some of 
that energy. Does all of this energy end up down here? Why 
not? 


How do you know some of the energy is lost? 


Well that was lost up here, right? We talked about how it 
was lost. Not all of it got to the plant. Some of it was 
reflected back into space, some of it was absorbed into the 
atmosphere. So a portion of quote, all the energy in the 
sun, waS picked up by the plants. My question is, is all 
the energy that was picked up by the plants converted into 
chemical energy? Is that passed on to heterotrophs? ---. 
Dick? 


Dick said some of this energy might get burnt like ina 
forest fire. 
No. The plants will get burnt. 


Oh, the plants will get burnt in the forest fire and then 
it's lost into space before we can eat the tree. 


Yup. 


Um wouldn't it take energy to convert energy into chemical 
energy? 


Another good question, Isn't there some energy used in 
converting light to chemical energy? Ah, I like Dick's the 


best. 


The way Dick's goes it doesn't even get to the heterotrophs 
so —— 


But, but I described it --- hung up on the sports car part 
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of it. Dick's idea was, waS a good idea. What he was 
saying not every single autotroph is eaten by a heterotroph. 
Some of them live nice and quietly in the forest and just 
die. And if they die what happens to them? They're broken 
down by bacteria and some of the energy is lost into space. 
Lost in space, that was a good movie. --—- And you get more 
energy. 


So the point that I'm making is that heterotrophs obviously 
derive the energy that's needed for them from the 
autotrophs. And depending where you are in that food 
pyramid you're going to get more or less energy. Depending 
on how many things you have to go through to get the energy, 
because at each stage the energy is transferred some of it's 
lost. So all you meat eaters, that's why you're all going 
to become converted to vegetarians. You want to get the 
direct source of energy rather than go through some cow. Ya 
that's right. Never thought of that. So much for 
Macdonald's at mid-term breaks. ---. 


Does that mean you have to consume more? 


That would mean you would have to consume more if you're 
further away from the source of energy to get a certain 
amount. Ya that's right. 


Would that] ah... 
Does that mean you'd get fat? No. 


Would that have an effect on the size, over a period of a 
million years, on an animal? 


This is getting back into Biology 20. It's been a long time. 
Yes there is going to be an effect on the size of organisms. 
That's why there are fewer organisms at the top of the 
pyramid than at the bottom. Because they are further away 
from the source and there isn't just enough energy to 
support them. Dick? 


Does that mean that you could eat less if you just ate the 
plants? 


Well that's what some vegetarians think. But they're all 
skinny guys. Alright from the heterotrophs what happens to 
energy? Is it passed on? 


Ya. 
How? 
Well you can pass it on to another heterotroph. 


Ya, but this is the whole pyramid. What happens to energy 
here? Isn't it the end so to speak? From here this is 
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quote for you and I, let's be specific. This islife. As 
long as it's coming down here we're alive. Once it gets 
broken somewhere we would die. Because the ecologists think 
-——- affecting all this population will have a net effect on 
us somewhere down the road? Well as long as we're getting 
it we don't mind. But when life is over whatever energy was 
possessed in the body as far as building things up is lost 
in space as we're broken down. Basically it's ---. 

Alright, the process here that --——- spend another week or son 
on, whereby this potential energy is released so that you 
can use it and do all those cellular processes is of course 
respiration. Whether it is aerobic or anaerobic we will be 
looking at respiration. How do you get the energy, how can 
you use it? I think you'll see this unit, as far as energy 
transformations is concerned, takes from now until the end 
of March. If we look at the whole range of energy 
transformations. We're going to do energy transformations 
number one, which is photosynthesis. Once we get through 
this we will go to energy transformations number two, which 
will be cellular respiration. O.K.? Any questions? [3s 
p] Alright concept number one, concept number two. Very 
important that living things in effect use energy so that 
they don't move toward randomness. And number three gives 
us some idea as to how energy does flow towards these living 
things and how they use the energy in order to live. Now 
with respect to the matter there is also a flow of matter. 
As we teach it to you. And I threw some questions in on 
that earlier on this week. As we teach it to you we tell 


you there is a cycling of the matter. That there is a finite 


number of hydrogen atoms that have always existed on the 
earth and at least exist now and they're being re-cycled. 
Being used over and over again in different things, right? 
So this energy flow is a one way flow. We're moving from 
the sun which releases energy, that energy we can call free 
energy because it is available to do work as far as living 
things are concerned. Or moving away from that free energy 
toward entropy or randomness where we don't have the ability 
to use the energy. Now, as far as matter is concerned we 
look at a cycle especially as we look at processes from here 
to here. What's one of the substances that's cycled? ---. 
Natural cycles? What was one of the substances? 


Nitrogen. Oxygen. 


Nitrogen, oxygen. Autotrophs evolve oxygen. They release 
oxygen. What does a heterotroph do with the oxygen? 


It does something. Forest fires, whatever, burns it and 
releases energy, right? And when you breathe out, you're 
breathing out something that wasn't there before. At least 
in the same concentration. You're getting rid of something 
called carbon dioxide which just happens to be used by the 
autotroph. And that autotroph takes the carbon dioxide and 
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puts it together with something else that animals want. 
That other things give off. And that is water and it uses 
that carbon dioxide and what does it make? Well it 

makes that food thing that we were talking about earlier on 
which we called glucose but I'll just draw it as a 
carbohydrate. And that thing is used by the heterotroph to 
get the energy. And so we have basically four substances 
that appear to be cycling between the autotroph and the 
heterotroph. Plus the key in that is the energy. Now that 
flows one way. So energy flow is unidirectional. Matter 
flow is cyclical. Now, got all that? Now why are living 
things living? Why are living things appear not to follow 
directly, at least while they're living, quote these laws of 
thermodynamics? Well, why don't living things appear to 
follow these laws of thermodynamics? What do they do? They 
go against this law that says things move towards 
randomness. ---. 


~~~? 


He said because they're capable of transforming energy and 
using energy. O.K.? That's what this whole unit is going 
to be about. Transforming energy and then using it. By 
unit I mean energy transformations. O.K? Now we spend a lot 
of time on these two processes and you're goin’ to ask 
yourself who are those crazy scientists that print all this 
information so we have to learn it. Ah, and the reason we 
do it is this, in order to appreciate the condition of life, 
the condition of bein’ able to metabolize, we should be able 
to appreciate very much the role that energy plays in 
allowing us that condition. Like when you were in junior 
high you watched the film ——. Turn off the sun and it 
won't take very long before ---. Because it is the major 
source of energy. Most of you don't really have a whole lot 
of interest in plants, but very much interested in how 

they make food. So that I can have some source of energy to 
live. The whole process, which means we will be looking at 
plants, how they're made up, how all this takes place plus 
the chemistry part of it is very important. Very, very 
important. ---. Now these are the three major concepts 
that I want you to get. The whole is all about. There are 
two concepts that we haven't covered that I like to talk 
about now at the beginning because it tends to make a little 
more sense now -—. And these two other sections are 
closely related to each other. And they related to the 
system by which the energy is transported. Now you've 
heard this term before and I mentioned it once and said we'd 
come back to it to talk about it a little more. 


We're going to talk about this chemical energy. There is a 
molecule in living things that acts as a transporter of 
energy, chemical energy. It's called? Can anyone remember? 
ATP, right? Over here when we talk about energy coming from 
the sun and we will find as we go through this unit that if 
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that energy can be converted into light energy and chemical 
energy then living things use the energy. They don't use 
energy in the form of light. This system of transporting 
energy then could potentially be a product of autotrophic 
nutrition, if the cell can produce ATP then it has 
converted light to chemical energy and that ATP can be 
transferred from plants to animals and we could live very 
nicely. Which means this is a molecule that is produced 
from this process. Or it could potentially be produced from 
this process. Alright, and so as we go from here to here we 
talked about food being transported but we should also talk 


about ATP as a molecule being formed to transport energy. Now 


what is ATP and then we'll talk about how it's used. This 
is a very, very important molecule as far as light and the 
ability to metabolize is concerned. This is the basic 
molecule that carries the energy by which the cells in your 
body are capable of metabolizing food. And ATP is adenosine 
triphosphate. You have the chemical structure --—-. But 
what this is, and you'll recognize this, is a molecule 
Called adenine bonded to a ribose sugar molecule bonded to a 
phosphate group, bonded to another phosphate group, bonded 
to another phosphate group. Recognize what that is? 


Very close, very close. If I cover this up what is that 
molecule? That's a ribonucleotide. 


(end of tape) 


If there's ADP and if there's phosphate and if we throw in 
energy we can charge it so to speak and make this. The 
process goes in this direction is called phosphorylation. 
Which means adding a phosphate group, a high energy 
phosphate group to ADP, producing ATP is a phosphorylation 
reaction. It's a reaction where we produce an energy rich 
molecule from a molecule that was lower in energy. You'll 
never guess what it's called going the other way. 
Dephosphorylation. Alright, now what happens if I ripped 
off one more phosphate? What would I be left with? I'd be 
left with adenosine monophosphate. This was ATP, this is 
ADP and as I've gone down what have I done? I've changed 
one to the other. I've lost energy here. Is there energy 
here? There has to be or otherwise there wouldn't be a 
bond. It's less than here ---. Alright there is less 
energy, aS you go from here to here to here there is less 
energy. It is harder to do but if you go from here out to 
here what are you going to do? Store energy. So the 
concept that we're trying to drive at is this molecule is 
energy and as it moves it's got energy available to release. 
Normally you look at it here. That's the normal situation. 
Now this process becomes fairly important as we apply it 
over there. If this energy is light energy, like when we 
talked about photosynthesis, what is this process called? 
If this is light energy that is used to build this plus the 
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amount of energy what is it called? Jim? 
Photophosphorylation. 


Amazing. Photophosphorylation, that's right. People say 
you're smart but they don't -—. So photophosphorylation 
would be the process if this were light energy. What if 
this were chemical energy? What would that be called? What 
if it were electrical energy? Well that would be carrying 
it too far. What I want to talk about in this unit is a 
process called photophosphorylation. It just means using 
light energy to produce an energy rich molecule called ATP. 
It is a phosphorylating process where you add phosphates. 
O.K? -—. Alright where are we then? Any questions about 
this system? A very, very important molecule. It is the 
basic molecule that transports energy in both animals and 
plant cells. There is one other carrier molecule that we 
want to mention. And this is part of the, this is part of 
what I like to call part of the electron transport, 
transmitter ... You remember we talked about the two types 
of chemical reactions that take place in living things. 
What are the two types of chemical reactions that take place 
in living things? ---. Ion exchange and redox, right? We 
said the ion exchange were those reactions involving the 
transport, transfer of electrons. Acid base utilization to 
maintain a constant pH type of reactions and then redox 
reactions. And how did we classify redox reactions? ‘They 
were -—-- involve electrons being transferred from one thing 
to another. We went through all the oxidation reduction 
reactions. What kind are they? They are the energy 
reactions. Right. We're going to talk about energy here so 
we have to talk about electrons and hydrogen and the 
transport of electrons and hydrogen from one to the other. 
There is a molecule that acts as a transporter of hydrogen. 
it's called? Nicotinamide adenine dinucleotide or otherwise 
known to its friends as probably -—. You also have a 
chemical formula a structural formula in I think it's 
chapter eight of your text. I wouldn't spend a whole lot of 
time memorizing that. This is a very interesting molecule 
because it is like Dale says a cousin, not to Dale but to 
ATP. See this particular molecule just happens to have 
adenine in it, just happens to have ribose sugar in it and 
just happens to have a phosphate group. It's a lot like 
AMP. Now to make ATP what did we add? Well we added some 
phosphate groups. Well it just happens to be a phosphate 
group and because this a cousin this is a little bit 
different. Instead of a phosphate group there is another 
ribose sugar. Now that should take care of the adenine and 
most of the dinucleotide. We said two nucleotides. Well 
this is one of them and this is part of the other one. And 
you'd expect there is something bonded to the ribose sugar. 
You'll never guess what it is. Well what's left? 
Nicotinamide. Like that. O.K. Nicotinamide. This 
molecule is a lot like this one, very similar. A little bit 


different. This particular molecule transports electrons 
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Sid: 


away from, transports electrons and/or hydrogen away from 
substances and towards oxygen. Alright ---. It transports 
electrons and/or hydrogen all depending, we'll talk about 
how we're going to use them interchangeably, it transports 
these towards oxygen or towards a strong what? --—. A 
strong oxidizing agent. Now in all the literature that I've 
read there is another form of this. It has an extra 
phosphate group in here. So you'll never guess what it's 
called, Nicotinamide adenine dinucleotide phosphate. NADP. 
Just so you won't get confused with Northern Alberta Dairy 
Pool in the course and in your textbook and that's the major 
reason it never talks about NADP. It always uses NAD, 
whether it is this form or whether it is with the extra 
phosphate. The major difference between them is where the 
hydrogens and oxygens go. Is it going towards oxygen or the 
strong oxidizing agent or whether is going away from oxygen? 
Excuse me the oxidizing agent. --—-. So this is the major 
system we'll keep in mind. NAD. You might hear it in some 
of the audio-visual stuff we might do. It's virtually the 
same thing. NAD and NADP are virtually the same thing. And 
potential for carrying hydrogen. And so this particular 
molecule then will move electrons or hydrogen ---. I'm sure 
the reason that Sid said this shouldn't be a B, instead of 
an N is because he knows something more about this than the 
rest of us. What is that Sid? 


Sid just happens to know somewhere down in his subconscious 
that I suppose a B would be O.K. but it doesn't fit with the 
NAD so we put in. This thing is one of the B vitamins. I'm 
sure Sid was trying to spur us along --—-. So the reason I 
mention that is it gives you a little added reason to 
recognize why you should take a serious look -—. Make sure 
you get ---. This is one of the products. 


Five concepts that only took us two periods to get through. 
Five concepts that I want you to grasp from the beginning. 
And I know I have probably spent a lot more time than I 
should have. I really think it is really important to get a 
basis. It is unfortunate that you've got this unit and you 
start off with --- not slightly confused but ---. It make 
it much more difficult. Five concepts. Number one, the 
universe, whatever that happens to be, everything is made up 
of the universe. A very unique condition plus everything 
that's around it. Life is a very unique condition found in 
the universe. Number two concept. That there are quote 
some laws some rules that govern the interactions of things 
in the universe that all things under specific conditions 
follow. The first one of which we already know. The first 
law of thermodynamics that matter can neither be created nor 
destroyed, that energy is constant. As you transfer energy 
from one thing to another there is a loss. O.K. that 
concept which gives us some degree of finiteness to 
understand. The second law that says everything moves 
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D: 


towards randomness. There are important laws that govern a 
lot of these reactions that take place right? Diffusion and 
osmosis take place because of this. The third concept which 
make life unique that was in this one-way flow of energy 
there is a unique condition where we cycled matter and we 
utilized the energy to go up against randomness or 
disorganization and actually build things up. And you grow, 
and that's the wrong way. That's not towards 
disorganization. You become more complicated. Alright, 
under natural laws and you've probably had this explained to 
you a thousand times before. How many chances are there 
according to nature in which you can take all the parts of 
your watch, throw them in a box, shake it up, and when you 
open the box there's your watch? 


It could happen. 


According to nature that's not natural. That's not 
according to the second law of thermodynamics. Things don't 
get more organized they get more disorganized. But life is 
a Situation where things do get more complicated. A human 
being is a very complex organism. We started out as one 
cell, not very complex in relation to what you are now. So 
some where in this flow of energy there is a unique position 
where matter can be cycled, which is sort of a side point. 
It gives us an intro to photosynthesis. But where energy 
can be used to build up things, a synthesis. You and I are 
very unique in that respect. Life is a very special thing. 
It's hard to describe what life is, but the ability to 
metabolize is a very Special ability. So this process by 
which you and I metabolize by which and get this energy is a 
great process. Because eventually we're going to die. We 
all are. And everything will fade away. And whether that 
ever ends I don't know. That's getting back into the 
universe again. So you'll end up someday in the universe. 
But you and I don't know now, this is food for thought, is 
this an eternal cycle? An infinite cycle? Does this 
randomness become organized? Again ---. That's the third 
concept. The fourth and fifth concepts are back to the more 
mundane. That is in the living system there are some 
transporters there are some things very highly evolved in 
this energy transformation. Two of which are ATP, essential. 
I don't know on how many tests you will find this that we 
have asked, tell us all about what it does. It is a very 
important molecule. And NAD which is really important in 
the transport of electrons and hydrogen. Here we have 
simply, quote energy, transported into a molecule between 
phosphate and the molecule. Here we have the transport of 
hydrogen and electrons. This will help us understand how 
matter is cycled. That should do it for today's class. 
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Ah, if something catches my interest as we go through, ah then I 
may vary it and pick up on one of those items. O.K., ah, just 
for some background can you tell me, ah did you graduate with a 
B.Sc. from the U of A? 

No, I have a B.Ed. and M.Ed. from U of A. 


And so, in your biology training what kinds of areas did you 
specialize in? 

Ah, it was really a general picture, sort of. Botany, zoology, 1 
genetics, ah, 1 chemistry course and no physics so, some math, 2 
Maths and some music. 


So a very broad range then. Have you done any scientific 
research? In biology or chemistry or anything? 


No, not in the professional sense. Only as projects in my 
courses. 


In your classes. Alright. In, how long have you been teaching 
biology? 


Twenty, 19 years I guess. 
So, in ..., have they all been here in Edmonton? 


Yes, since '64. 


And so, you would have been what, teaching Biology 30 for almost? 


Almost since the start. I started teaching Biology 30 in '65. 
Um, huh. 

That would have been the fall of '65. 

Alright. Did you end up taking any specific courses in either 
the history of biology or the philosophy of science at 
university? 

Not in history of science. Um, just a senior level science 
curricula course offered by Dr. Nay and at that time Dr. 


Jacknicke. Um, that was 580 or something like that. I forget 
the course number. 


I don't] know. 
It was a seminar for grad students, in ah, science. 


And what, they dealt with the philosophy of science in that or 
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Yes. 
I remember Schwab and some of those people we discussed in a 
seminar setting. 


Did you get into people like Karl Popper /and 


No. That has shown up 
since, as far as my reading is concerned. 


How about Kuhn, Feyerabend, Lakatos? 
Don't remember any of those. 
Any of those people? 


The only reason I recognize Kuhn is what I've read since. I 
can't remember, that would have been back around '69 or '70 I 
guess. 


Right. Like Popper was back in the '20's and '30's. 
I don't remember. 
Kuhn, his book came out, the original one, in '62 or/something so 


They should 
have been part of it and maybe they were but I've just forgotten. 


Well, I would suspect that they weren't part of it. When did you 
do that class? 


"69. 


‘69. I suspect that it is something that has come to the 
university more recently than that. Well, now what about any 
nature of science? Do you make a specific point of dealing with 
that issue in your biology classes? 


I do for about two periods, one and one-half to two periods at 
the beginning of the course and my thrust at that point is simply 
to say we are limited in what we can study in this course. 
Science is a limited way of knowing and secondly it does not 
produce truth. And those are sort of my two thrusts. Um, so if 
we run into ideas in this course that seem to be in conflict with 
some other ideas we have, the student has picked up along the way 
from a different way of knowing, it does not necessarily mean to 
say that what we're learning here is sort of ah, more or less 
true than what you've learned in some other area, In a sense you 
can look at the world from different angles and see it from 
different perspectives and both are legitimate. And I'm trying 
to reduce the level of threat, particularly keeping in mind those 
students in the class who come from, from ah, a world view 
greatly influenced by fundamentalist Christianity. 


Right. Do you identify that as the nature of science to them? 
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I'm not clear on what you're asking? 
Well, when you're dealing with that material in ple 


Oh, Yes. I 
see what is science. 


Do you entitle it that? 
Yes. 


Because, interesting enough when I had them do those questions 
for me this morning I had heard that you had done this with 
classes and I don't know if you had actually gone through that 
material with that 30 class that I had observed. But I mentioned 
your name and Smith and Jones as three people who I had heard who 
do this. And I said if they had specifically had this 
instruction given to them they should indicate on the sheet. And 
when I went back to the university I looked at those forms and 
not one of the students out of this class indicated that they had 
that material from you. | 


Not one? 
Not one. 
It isn't getting through. 


I think it is getting through in some of the discussions that I 
had with certain individuals in the class, but with others I 
would say it is not getting through. So, that was interesting. 
The other thing that I noticed about those forms was compared to 
the other two classes many of the students in here have not had 
any chemistry or any physics. And that was just an observation 
on my part. You know I'd actually have to sit down and count. 


No Chemistry 10? 
Not even, in several cases, not even Chemistry 10. 


That's surprising. I would think there'd be only one but again 
my memory, I get this class confused with the one I had last 
semester so my experience is that students coming into Biology 
30, out of a class, one or two come without any chemistry in high 
school what so ever. Sometimes that's because they have 
transfered in from another sch 


Province or something. 


Many of them come in with Chemistry 20 and at least a third of 
this class has Chemistry 30. I find it very puzzling, the 
response here. 


I can actually go back and count but I just sort of skimmed 
through the file and there were quite a few that had chemistry 
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but there were quite a few that indicated they didn't have any. 
And physics was{definitely 
We 


11, that doesn't surprise me. 


very low. Now, something that you have done in the class that I 
noticed was you made a specific point of teaching the history of 
biology as you went through that section. And do you normally 
make a practice of doing that? 


I would say that on this topic I normally do. And on this 
particular topic, for some reason I emphasize it more than other 
topics. Because the book presents quite a few men in the 
treatment of the subject and secondly I guess I find it an 
opportunity to see progression more clearly than in some other 
fields. Maybe just because I'm aware of it. But you can see how 
ideas grow. Starting quite early and how they progress and 
become more and more complex and more complicated. And how the 
level of experimentation then becomes more complex as time 
passes. I think it is an opportunity to point that out. Whether 
the students get that I don't know, but I definitely was trying 
to say O. K. the first questions that were asked and the way they 
were answered was certainly different than the questions being 
asked now and the way they're being answered now. Or the way 
answers are being sought now. Starting off with simply growing 
plant versus radioactive tracing. 


Alright. Why do you feel that the history and the philosophy 
behind those experiments is important to offer to the students? 


Well, I suppose one reason is to show that curiosity concerning 
nature has been around for a long time. It isn't something new 
and that it communicates something about how we satisfy that 
curiosity, how we go about finding answers in terms of performing 
tests. And another reason I think it sort of relates to where 
our high school lab work is at in terms of historical development 
of the subject. That has intrigued me somewhat. The kinds of 
experiments or tests we do here as demonstrations or whatever are 
representing the kinds of tests and experiments that have been on 
the books for maybe a hundred years or maybe more. And where 
science research is at at this point in time in terms of doing 
experiments that represent the forefront of where science is at. 
This is so far removed from what we can do in the high school in 
Imany ways. I would like to see the students sort of in their 
own learning experience moving through history. We start off 
with concepts that are maybe two or three hundred years old and 
now we're working in an area that represents where science was 
about one hundred years ago in some ways. And to get up to the 
fringe, to get up to the frontier of where science is now, the 
kinds of questions they're grappling with will take some more 
work on the students' part. And maybe they don't want to wish to 
go there. Another idea, I mean to pursue it that far, to get up 
to the edge of knowledge so to speak. On the other hand you can 
point out where the edge was a hundred or two or three hundred 
years ago, well they have moved past that they already know more 
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than what the general public or what the general science 
community, shall we say, knew at that time. That's kind of 
interesting to see yourself in history terms. 


Do the students pick that up? Do they get that feeling do you 
think? 


I wouldn't know because I don't test for it in that sense. And I 
don't discuss with them individually after. Maybe this is only 
in my own mind that, so I guess it's sort of like spreading your 
bread on the waters and you don't know where it is really going. 
I don't make a point of checking. 


So you have something other than just, or you have a reason other 
than merely presenting the history as history? There is an 
objective behind your presentation of it? 


I don't see any value in learning Priestly's name and the date 
unless I'm using that to communicate progression or how knowledge 
grows or how knowledge becomes more sophisticated or something 
like that. I don't see any point in just saying well, dut, dut, 
dut, through history with names and dates. No. But whether the 
kids are catching that I don't know. They probably say well I 
have to learn Blackman's name and I have to learn Priestly's name 
and I have to learn what they did and they don't see any value 
beyond that perhaps other than it might be on the test. I'm 
always confident that my brighter students, I shouldn't say I'm 
confident, I'm hopeful that my brighter students are 
participating in that, shall we say, second or third dimension to 
what I'm doing and enter into the larger ideas that I'm working 
at but maybe that's assuming too much. But the kind of feedback 
that I get from eye contact or facial expression or simply 
attention tells me some of them are travelling with me in that. 

I sure don't think the majority are. That doesn't worry me, 
because a heterogeneous class one has to deal at several levels 
and I would see that if I can engage three or four or five at 
sort of the broader picture I'm working at, fine. 


Alright, I'll change tack here. Can you tell me what you think 
biological knowledge is? What is it to you? 


Well, I think it is an accumulation of ideas or concepts that 
about living things, that have been developed over several 
hundred years. That's one thing it is. Secondly it's, you're 
talking about biological knowledge? 


Um, huh. 

Well that to me represents a body of information, but there is 
another dimension that would include the methodology and I'm not 
sure, I wouldn't put that under the heading knowledge in a sense. 


What would you put it under? 
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I don't have the, well it's a way of knowing. It's a way of 
seeking, it's a way of searching. And it also delineates or 
defines the questions you're asking when you say biological. 

You are asking questions about the certain aspect of, of what 
this world represents and you're ignoring a lot of other things 
this world represents. So, biology would be a broader term which 
would include methodology, the kinds of questions you're asking. 
Ah, in contrast to saying biological knowledge that to me carries 
a more limited definition that would include for me primarily 
content or information. 


O.K., you said something about an accumulation that has gone on 
over the years. That's important to your conception of 
knowledge? 


I think it grows and changes, ya. It is an ongoing, this package 
if you like, or sack full or bag full of information keeps 
turning over or keeps changing. It is not a static thing. It is 
a dynamic thing. It keeps growing and changing. 


O.K. and the other thing you wanted to contrast that with was 
biology as a way of knowing. I hadn't thought of it in those 
terms. So, I understand how you made a separation but on the 
basis of... For you biology would be a more encompassing word? 


Yes. 


Alright, in that case, is this biology or what I would term 
biological knowledge because I would tend to lump everything 
under the one word, is that a reflection of the world or is this 
created by man? 


No, I think it has a smattering of reality, but a very, very poor 
picture. 


In what way does it resemble reality? Or reflect reality? 


Well I think on sort of the crude sense, bumping into a tree 
communicates something that is real. That is outside my own 
skull. The tree has separate existence to me. It is not a 
figment of my mind. And therefore, I do feel somewhat confident 
that there is something to treeness or something about treeness 
that I can know. Now, what I know, or my conceptions about what 
a tree is, certainly is very limited and I'm seeing that through 
a cloudy glass if you like. Well I think I have some notion, a 
little bit, a glimpse of the world out there and it isn't all the 
world within my skull. 


But are your conceptions of say xylem and phloem, is that 
something we have created as biologists or is our conception an 
actual accurate reflection of the structures we call xylem and 
phloem in trees? 


I would say, I guess have to say that xylem and phloem exist 
apart from me knowing about it but what I know about, words that 
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I use to describe it is very much a part of me. 


Alright. That's the kind of question I'm asking. I wouldn't 
dispute with you that xylem and phloem exist outside of our 
existence. 


They don't go out of existence when I go to sleep or don't think 
about them anymore. They still exist. What my eyes perceive 
when I see xylem through the microscope is certainly subject to 
interpretation, I've learned that because what students see and 
what I see can be so different. So what I bring to bear on that 
xylem from my experience is quite different than what a student 
brings to bear. And they don't maybe see the spiral thickening 
like I do. They don't see it in the three dimensional pattern as 
I might. But what they see, I really don't know what they see 
and therefore we have trouble communicating about it. But, there 
certainly is that individual aspect to describing and 
interpreting what lies out there. But I have confidence when I 
ask a student to make a cross-section of cells to look at xylem 
that more or less all of the students will have the opportunity 
to see the same thing. Now what they do with that opportunity 
will depend on what they bring to that occasion from their 
experience and their skill. But on that slide under their 
microscope there is more or less the same thing around the room. 
I don't know if that speaks to how you view things? 


You're telling me that, I guess what I'm doing is interpreting 
your conception of biology so that it is separated into the 
factual component if I can use that word, plus biology as a way 
of knowing, a methodology. 


Um, huh. 


And in terms of that factual component some of those structures or 


those actually do exist but our interpretation of them is 
dependent upon our experience, various factors and so you and I 
may see the same object in reality but we will interpret it 
differently. 


Yes, definitely. 
Alright, now do theories accept what we accept as biology? 
Do you want to give me a for-instance? 


O.K., what I want to try and get at... Can we have what I would 
term biological knowledge without having theories or do we 
always have to have theories to consider this material as 
biological knowledge? 


I really don't know if I can address that because I'm not clear 
on what's going... Let's see. So if we have a theory of 
evolution, let's say, do I need the theory before I perceive 
change? 
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Right. That would be an example. 
Would I not see change if I didn't have the theory? 
Right. 


Which comes first is what you're asking. Observation and theory 
I guess. And for me personally? 


Right. 


Or put it in the unfolding of science as it has occurred over the 
years? 


Try it for you personally and then if that differs for what you 
perceive as having happened in the science/|then 


This depends on my 
creativity I think. I find it much easier for myself to once 
having had the idea, or having been exposed to the idea, then to 
see evidence for it when I'm out looking at the world, or looking 
at nature. But I think other are minds around who, when they see 
nature they start putting ideas together that we would say would 
eventually end up in theories. But for me it is much easier to 
go the other way. To read a theory, or to learn about a theory 
that somebody has put together or a group of people have put 
together and then to start seeing the world from this 
perspective. And then it makes sense to me. Do you want to ask 
the original question to see if I'm speaking to it? 


O.K., what I wanted to know was whether or not the theories we 
have about biology, do they affect what we term biology? What we 
include in biology? 


Yes, I think they do. Given this very extreme case of are 
species created specifically or are species evolved gradually 
over time. I think, depending on which one of those you espouse, 
you'll certainly put together your body of information in a 
different way. And I think this quite evident in the way 
textbooks are put together. 


Now, if that's the case is that how science has developed over 
the years as well? The theory is generated and we then apply it 
to science? So that man has created these theories and he is 
causing science to be interpreted in a certain way? 


Well, how can I say? I really can't put myself into the space of 
an individual scientist and know how he is really going about 
collecting his data, or what kind of blinders he has on when he 
is looking at the world. I can only speak for myself. But I 
think I do represent humans. I'm a human and I would then say 
that other people probably function somewhat as I do. Therefore 
on that basis I would say ya, I think scientists probably are 
seeing the world through glasses that are tinted by their 
theories. But I think the scientific community is so large and I 
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think that it is international to the extent that people come at 
the world from different angles that there are built in self 
correctives. And from what I see in magazines and so on I would 
probably think that there is a safe-guard there. That people 
have to adjust their glasses and clean them now and then. 


Do you end up giving that idea to the students in your biology 
class? Would that be one of the issues that you would address in 
the nature of science? 


No, I can't identify anything I've done in the last month and a 
half that would speak to that directly. No, um, probably because 
I don't know enough about history that I could come up with 
examples. If you would pressure me right now and say well 
illustrate some knowledge we have has been sort of greatly 
influenced by a theory and therefore you see it presented only 
this way in the textbooks I'd have great difficulty doing that. 


I guess what I'm really doing is asking whether or not you think 
science is affected by social factors? 


Oh, definitely. Now how can... That's a gut feeling I have. But 
can I substantiate that? The only case that comes to mind, 
that's... One clear case would be the Lysenko affair in Russia. 
Now I know a little bit about that but not very much. 


2 of the audio cassette 


Because I don't think the United States is pure in its research 
either. I would be suspicious because of who, you know, who is 
paying the bill. So if the big industrial, military 
establishment is paying for much of science in North America then 
I'd be suspicious that the scientists are sort of narrowing their 
focus and the way they look at the world. But can I document 
that with a case? No I can't. I'm just suspicious at this 
point. 


Well I think that's sort of a current issue that has come up in 
science. Whether it is socially constructed as opposed to the 
activity that's often presented to students. And more and more 
people are going to the idea that they say yes it is socially 
determined and determined in a variety of ways. O.K., now when 
do biologists come up with theories? At what stage in the 
process do you develop a theory? 


Well, I'd have to give you theoretical answer I guess. The word 
theory to me means a body of knowledge that explains a number of 
smaller issues. It's a larger framework from which one can speak 
to smaller issues and this formulates over time. To me the way I 
see it is one of the steps is a combination of observation and 
curiosity. And one picks up little bits and pieces of 
information, data or facts in the small sense which then raise 
some questions. These observations then generate the questions 
to which we will then propose or present the hypotheses which 
will then be tested. To me a theory encompasses maybe then 
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several hypotheses that have been tested and have been examined 
for some time by several people or many people. Um, so I would 
see hypotheses, plural, generating a theory or formulating a 
theory. 


Alright, what come after a theory then in that kind of scheme? 


Well what you'll find in my biology textbooks eventually it may 
be a theory, it could be elevated to a law. And to me if that's 
the way it's being used the term law simply indicates a higher 
level of validity. Or it simply represents a more rigorous level 
of testing and therefore carries with it a higher level of 
certainty. 


Is there anything after a law? 


Not really. You mean in terms of even more certainty? No I don't 
think that science ever produces what one would call something 
beyond challenge or beyond skepticism. Ya, beyond the need for 
further verification. 


Would that also be true, you've used the word fact in your 
description 


The word fact I was using simply as a little bit of information. 


O.K., to you even those kinds of pieces of information can be 
challenged and changed? 


When I'm collecting facts I'm resorting to the use of my eyes 
and my ears and my senses. And I've lived long enough with my 
eyes to know that they play tricks on me. And what I thought I 
saw I didn't see. And also as we go from the world out there to 
the eye ball into the brain many things wonderful and weird can 
happen. And so what ends up in my brain as a bit of information 
or a fact is certainly open to challenge. And in that sense I do 
not believe anymore, maybe I never did, I'm not sure, but I've 
consciously come to recognize, at least at this point, that 
science never produces anything I would want to label truth, in 
the absolute, complete, whole sense. 


Um, huh. 


And I think as I, as you're participating in this ever 
accelerating growth, ah we learn that more easily if we would 
have 50 or 60 years ago. Ah, 


If, if that's the case then how do biologists ah, decide which 
theory they should accept? On what grounds do they do that? 


Well, to me it's sort of like a test, at least I'm really 
sticking my neck out on this but, how do I decide whether it's 
good music? And time is very important to me in that. I think 
time in science is extremely important and what happens to ideas 
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over time is, is a good way to check whether something should be 
elevated to, pretty significant point or whether one should hold 
back and say well I'm going to wait and see about that. 


i don't eee 
You don't follow what I'm saying 


really understand your 
connection of time and the acceptance of a theory. 


Well, I think a theory has been tested but it's going to be 
tested some more. If I follow my scheme of observation, 
hypotheses, testing and theory then I would think how much 


testing can be done is dependent upon how much time is available and 


how much time is past. And I'd see that as more and more time 
passes more and more tests have been done a theory becomes more 
authoritative. 


So 
In that sense time is required. 


Do you see things like simplicity, common sense, the use of 
logic, um, moral considerations, political considerations, any of 
those kinds of things involved in your decision to accept one 
theory over another. 


Common sense, I trust that. Or intuition, I think how does this 
particular theory fit into other ways of knowing. I shouldn't 
say, other bodies of information, other, other contributions that 
have been made by other fields or other ways of knowing. I think 
one continuously strives for a whole world and not a fragmented 
world view. And a theory, a new theory or a biological theory 
should somehow fit in or relate to some other ideas that, that 
are present. And one doesn't take them in isolation. And common 
sense would be one way of checking. 


But, ah, the element of empirical testing is still the overriding 
way? 


Ya, if it's going to be called science. Ya. 


Do they do it on the basis of intuition do you think? Accepting 
or rejecting theories? See/that's 


I think that if I was seeing, well 
ideally I think that hypotheses are more clearly related to 
intuition than are theories. 


We are talking about time and whether or not you will accept a 
piece of music as being worthwhile. That's what I thought you 
Meant, that there was an element of intuition there. That you 
couldn't specifically say why music that has survived from the 
Renaissance is quality music as opposed to a piece of music that 
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was written yesterday. 


No. I guess I would suggest using music as a parallel but 
something of quality or worth will survive. I have that 
confidence. Now I don't know why, I just think there is 
something proven about something that is old. But maybe that is 
not correct. Just because a notion has been around for a long 
time, like the earth is flat, or the earth revolves around the, 
sorry the sun revolves around the earth, or it could go the 
other way too I guess, just because that idea was held for a very 
long time wouldn't necessarily mean that it was a good idea, I 
guess. So there I'm contradicting myself. But just the same, 
endurance brings with it some authority. 


Alright. When biologists reject theories, right you have two 
theories and one is found wanting for whatever reason, is it 
legitimate to do two things to them. One add ad hoc statements 
to it to overcome these difficulties to keep the theory going for 
a while longer. And the second one is it permissible to add 
auxiliary statements to those theories you find that they have 
not specifically run into problems but if you add auxiliary 
statements that will improve the predictability of the theory? 


This reminds me of something again from a different field. The 
parable sort of goes you don't sort of put new patches on old 
skins. You'd be better to sort of throw out the old skin and 
start with something completely new. And on the other hand if 
you have nothing better to replace it, I guess you got to keep it 
around with some patches on it for a while. 


What about if you do have something better? Or what was 
conceived to be better by a certain group? 


Well, if you're asking me as an individual to make a choice I have 


to go for this and not that. But maybe it isn't quite that 
simple. Maybe the old one has some good features about it. For 
example, dealing with this case of root transport, the root 
pressure versus the, you call that a theory, versus the TCT, 
transpiration cohesion. Now I can see merit in both those points 
of view and wouldn't want to be pushed to the extent that you've 
got to accept one and not the other. I'd like to have the 
freedom of hanging onto both and saying well this one speaks to 
this kind of a situation better than that one. But that one 
speaks better to these problems than that one. So I'd keep 
several going at the same time realizing that we don't have a 
complete answer at this time. And I don't see that one theory 
has to automatically exclude another one because no theory to ne 
is a complete description. 


Alright. That question that I had there came from Popper in the 
'30's or '20's. Ah, he said that if you have a theory that gets 
itself into trouble for whatever reason and its found to be 
incorrect in an area you have to reject it and generate a new 
theory. What becomes of that problem? 
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But what if the one that you, has to, has a problem also? Well I 
would have trouble with that I guess with my understanding of how 
the theory, sure there must be some good, some worthwhile 
workable idea in that package that contains an unworkable idea or 
a poor one, that would still be worthwhile hanging on to. Or 
that you'd maybe translate into your new theory but you wouldn't 
write the whole thing off in a sense. You'd do some sorting and 
sifting and carry over some things. That's where I'd sort of see 
it. 
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APPENDIX F 


TRANSCRIPTION OF THE INFORMAL DISCUSSION HELD WITH PAUL 


33,0 


I will ask you questions and then I will go away today with the 
tape recording of it and listen to what you have said. 

Interpret those comments and write a page. And I'll attempt to 
keep it to one page of comments. And I may or may not slip ina 
statement that you have not said, that you did not intend to say 
anything like that. It will be a purposeful attempt on my part 
to ah, include a statement that is wrong in terms of your 
thinking about biology. Now the reason I'm doing that is that I 
want you to do, when I bring this page back to you, is that you 
read it very, very critically and you comment on any parts and 
ask any questions about it. And I did this prior to Christmas 
with students and I found that if I didn't put in or potentially 
put in a statement that misleads or misrepresents them that they 
would just read it and say oh, ya, that's what I said. What I 
need is more than that. I need a critical reading of what I 
have said so that when I make my interpretation, to make sure 
that you really agree with what I have put on the page, and not 
just sort of pass it off lightly and say ya, that's what I said. 
And so I may or may not put in a statement. For example, in 
this page I didn't put in any statement like that. So, and 
could I get that back from you tomorrow? 


O.K. what I want to ask you questions about, the aims of 
biology. The first one, can you give me your ideas about why we 
end up studying biology. What is the purpose or aim of it? 


Paul: Well last year in Biology 20 you go through the argument of 


evolution and creationism and to me that is one of the main 
reasons for studying life and find out eventually where we came 
from. Originally why we're here. And to me a big thing is the 
difference between creationism and evolution because I'm very 
confused on the subject. From both my school teaching and my 
family upbringing so to be a big reason for studying biology is 
to figure out where I came from and where life came from. And 
then the purpose of us being there. But that's a different 
question, that's a sociological question. 


Right. Forgetting about evolution for the time being and sort 
of thinking oh, say photosynthesis, now what's the purpose as to 
why we want to study photosynthesis? 


Paul: Well, it give us ideas on how life is like, what happens inside 


Bs 


our bodies and inside other organisms on the earth. And it 
gives us clues on just how we, how we function and it's just the 
way I see it is, it's to study that is looking for ways we're 
similar to other plants and the way our body functions. And 
just to know more about like. 


Alright. Now when we go ahead and study, say photosynthesis, 
what is it that we are gaining? What are we picking up? 


Paul: Well, picking up knowledge of the photosynthesis function. 


Bs 


Can you give an example of knowledge about photosynthesis? 
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Paul : 


Be 


Well knowing that, well knowing the theory of fluorescence in 
the chlorophyll molecule. It's easy to see how sunlight or 
light itself is so beneficial. Like how, why it is needed to a 
plant. 


Alright now with that theory of fluorescence, once we have that 
theory what do we do with it as biologists? 


Paul: Well you apply it to photosynthesis, to what goes on in 


Paul : 


Paul : 


Paul : 


photosynthesis. My problem is that I took physics as well as 
biology so I learned about photosynthesis... [end of tape] 


Now you said you were reading the Wu Li Masters and that's 
making you question whether there is absolute truth. And in the 
science classes that you have had, has the science been 
presented so that it was absolute truth. 


A lot of it is. I find especially in chemistry, I don't know so 
much about biology but in chemistry they seem to tell you 
something one year and they don't, in at least two of my 
classes, they didn't question it. But in the next year they 
seem to change the theory and go farther with it. But in my 
Chemistry 20 class with Mr. Smith he's very much into ways of 
knowing and different aspects of a theory and he would quite 
often say this is what we are teaching you now but later on 
you'll find out it is alie, or it is not the whole truth, 
there's a lot of exceptions and so ever since that class I 
always question what's being said. Like in sciences I don't 
think there's any such thing as an absolute truth, ya. Or 
there's, there always seems to be some exception to a rule. So 
I don't know I think it helps a lot when you question that. You 
don't accept everything on blind faith. 


So, what you're saying that what Mr. Smith taught you is very 
important because it caused you to change your outlook on 
science? 


Yes I think it was very important. A lot of people don't like 
Mr. Smith's teaching methods because there are questions, he 
questions things, the book says they're true and he talks more 
about theories and lets you do the work on your own. But to me 
I think that's an important thing not only in sciences but in 
anything because it show you that there are different people and 
you can't be totally closed minded. 


You said some people don't like Smith's teaching methods because 
it goes against the book. Now why do you think that would be? 


Well because, well for one thing he talks a lot. He quite often 
goes off track, but it isn't really. He relates what we're 
learning in the book with what's happening in Alberta, the 
world. The ethylene plants for instance. When we were learning 
organic chemistry he would sort of spend about half a period 
talking about the process of ethyl, the, that happens in the 
ethylene plants and he doesn't leave you a lot of time in class 
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Paul : 


to do work. So a lot of people find it frustrating because they 
like to be spoon fed. So in an essence Mr. Smith is a teacher 
who is best for somebody who is very inquisitive and likes to 
learn on what's beyond what's in the curriculum. 


And what's beyond in the the text? 
Um, huh. 


Now, something else you said was scientists, in our case we're 
talking about biology, should not be closed-minded. And do you 
think that is an attribute that most biologists would have? 


I don't know if they would have. 
Should they have? 

But they should, ya. 

Why do you think that? 


Because it is changing all the time. There's always new 
theories coming up. And if you're, say if you're of an old 
school of thinking it may be hard to accept. But you should be 
willing to listen to it and form you're own opinions on it. 
Because, I think it's really important not to look straight 
ahead. You have to see the whole picture as it applies to 
everything. Which goes back to that fluorescence thing, when I 
learned it in physics I had not an idea that it had anything to 
do with biology. And then they teach it in biology and it sort 
of opens up a new light. It sort of clears away some of the 
cobwebs and things. 


You talked about biologists being open-minded and having to 
accept a new theory, how do they accept a new theory? On what 
basis would you accept a new theory? 


I'd accept a new theory if I could understand if. For one 
thing, it would have to be simple enough for me, myself to 
understand. Or for somebody of more schooling to understand. 
It would have to explain things that have been questioned. it 
would have to give explanations to ah, if it was replacing an 
old theory it would have to do as well as the old theory and go 
farther than the old theory. And replace some of the question 
that the old had with new answers or even more questions. 


It has to explain all the old theory? 
Well,... 

Does it or not? 

It should. I would think, ya. 


You would think and then it has to go beyond that. 
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Paul : 


For me to accept it anyway. Because if you're set in one 
pattern of thinking and then another one comes out it just 
explains things that have already been explained I think it 
would be hard to accept. 


Just let me jot down a couple of thing here, before they leave. 
What about if you have an old theory and the new theory only 
explains part of the old theory, part of the material that was 
covered by the old theory. 


Ya. 


Alright, and then this new theory also explains other new 
observations. Would you accept the new theory on that basis? 


I'd have to go through it, I think. Ya, I think I probably 
would. Ya, I think so. I would. I'm just trying to think in 
terms of somebody that has thought the same way for twenty years 
or something. Say an old scientist who has just come upon this 
new theory. Which happened a lot in the 20th century with 
Einsteins’ equation and stuff like that. And I think it would be 
very hard to change my pattern of thinking. But myself, if it 
did explain part of the old theory and new parts as well, ya I 
would accept it as long as it sounded reasonable. 


Do you know where you've picked up these ideas? Any idea? 


I haven't read a lot of that Wu Li Masters thing but I have read 
some of it and it, just some of the ideas that I get from with 
inside the readings and just what's implied sort of. As well as 
Mr. Smith's course. As well as my dad. 


How has your dad influenced you? 


He's always telling me to be open-minded and not to judge people 
or ideas, to take a look at a portion in relation to the whole, 
not in itself. Just, there's probably a lot more things I've 
picked it up from but they're just sort of hidden. 


What does your father do for a living? 


He's, he used to work for the city in the town planning 
department and now he's a consultant. He works for developing 
firms and things like that. 


I was wondering whether or not he was a scientist the way you 
were talking. He's not? O.K. In the narrow sense of the word, 
a biologist, chemist or physicist or something like that. 


No, he is not. 


O.K., now another point that come to my mind was that what if 
you had an old theory that explained something very well but you 
came across a new theory that does it, that explains the same 
material in very eloquent way. It does it beautifully. It may 
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Paul: 


Paul : 


be more complicated, it may be let's see, perhaps a little more 
difficult to understand but it explains it elegantly. Do you 
know what I'm asking here? 


Well, yes. Sort of it fills in all the cracks sort of thing. 


Alright, would you reject the old theory and accept this new 
elegant theory? Or would you take both of them, or would you 
take just the elegant theory? 


I think I'd have to keep both of them. Because it's hard to 
say. I think that, ya. I think that both of them would still 
have, I would still keep both of them in mind, because I just, I 
don't know why. I just, 


You just have a feeling? 
Ya. 
Do you think scientists operate on feeling very often? 


They might. I'd say hunches are a big part of feeling and I'm 
sure that scientists go on hunches a lot. Ya, I think they 
probably do. I think they're probably important. Maybe not, 
when you think of the P.R. view that you get from the media of a 
scientist. They seem like such cut and dried people. And the 
sort of, their work is so methodical it wouldn't have room for 
feelings but I think you'd have to have feelings. They'd have 
to be there for you to make hunches. To state opinions 
especially and just to um, accepting a theory you'd have to go 
on your former education and how you felt about a certain theory 
before you accepted it. 


O.K. your description of a scientist there, of somebody who has 
feelings, that go on hunches and these kinds of things, is that 
the kind of image that you've seen in your textbooks of 
scientists? 


Not really. 

Why do you say not really? 

Well, in the textbooks and different things you get pictures of 

scientists, well they're just history. And they're portrayed in 
sort of just an objective point of view. And it's hard to tell 

what they were really like. 


It sounds like our time is just about up, thank you. 
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APPENDIX G 


INTERPRETATIONS OF STUDENTS' INFORMAL DISCUSSIONS 
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STUDENTS EXHIBITING A MODIFIED BACONIAN IMAGE OF BIOLOGY 


Le DEBBIE 

The view of school biology that is presented by Debbie is based 
on a logical analysis of controlled experiments that are suggested by 
hypotheses or theories. This conclusion is based on the following 


comments : 


B: se Now can you tell me, in terms of biology, what a theory 
is? 


Debbie: Something that can be proved, something that someone, a 
scientist, has an idea why something occurs. Something that 
can be proved or disproved at any given time. It is not 
right or not wrong, um,... 


B: O.K. now you've said that, um it is something that can be 
proved. How would you go about proving a theory? 


Debbie: Through several experiments. Um, going through factors that 
could determine change in the theory. Um, different 
variables that you could isolate among this or that. 

Bs -». What do you do when you have done all those extra 
experiments? What does that do to prove the original theory 
[van Helmont's]? 

Debbie: Look at the um, um, the different things that have happened 
and try to associate the different things that have happened 
in both, um in both tests. And try to associate one to the 


other. Try to see a link somewhere through those different 
tests. 


According to her view biological experiments involve a 
standardized series of steps. Implied within this view is the image 
that a biologist advances a hypothesis on the basis of personal 
observations which is tested by controlled experiments. The degree to 


which the results verify the hypothesis determines whether it is 
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rejected, modified or accepted as a working statement for future 
experiments. Additional experiments are conducted which test 
variations of the hypothesis and upon verification, a theory is 
formulated which explains observed relationships. A similar research 
program is developed to test a theory and upon verification of the 


theory, a law is proposed. 


When Debbie was questioned about her perception of biological 
methods involving a series of sequential steps she indicated that the 
method results in knowledge. In her words "knowledge is the 
understanding of why something occurs, or your views of what something 
is and it can occur throughout the process." There is a tone to her 
words that suggests the experimental process forms a foundation on 
which biological knowledge is built. The comment "It's almost like a 
ladder. Each theory thoughout the years just added on and added on 
until ...", illustrates this idea. In addition her comment also 
points to the idea that knowledge gradually accumulates. Associated 
with her view of knowledge formation is the idea of certainty. 
According to her conception, knowledge that results from the early 
stages of the scientific method is less certain than knowledge 
obtained from later stages. For example, information obtained from a 
verified hypothesis would not be considered as certain as information 
from a verified law. It is as if the scientific method is viewed as a 
way of discovering and evaluating knowledge. The discovery of 
knowledge is a result of applying the method, while the certainty of 
such knowledge is determined by the stage at which the knowledge was 


discovered. 
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Debbie's view of biology perceives the scientific method as a 
system which allows biologists to interpret nature and obtain 
knowledge. At times her conception of the system is complex. For 
example, partially verified theories are not abandoned but they are 
not necessarily accepted as working theories by the majority of 
biologists. Working theories have the characteristics of simplicity, 
depth and explanatory power. The inclusion of these characteristics 
in Debbie's conception of biology appears to be the result of 
instruction in a previous science class. This conclusion is based on 
conversations with other students who identified the identical 
characteristics and indicated they learned them in a previous science 
class. Debbie supported this conclusion but she was unable to specify 
the course. By including these characteristics in her view she is 
implying that the scientific process results in multiple theories for 
a Single phenomena. ‘Through the acceptance and rejection of theories 
biology is seen as gradually moving closer to an accurate 
interpretation of nature. But Debbie's interpretation of biology 
includes a provision that achieving such a goal is impossible because 


"nature is constantly changing." 


The following exchange illustrates the idea that it is impossible 


to achieve a complete understanding of biology. 


Bs Alright. Now, I said something about a true theory and 
you've indicated that you can get to a true theory. 


Debbie: No. 
Bs No, you can't? 


Debbie: I think that there's always a chance of disproving a theory. 
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Be So that if you have a theory, um it may be right and it may 
be wrong but you, you'll never be able to say which it is? 


Debbie: Right. You'll think, you'll hope that it will be right but 
you never know. A hundred years down the road someone may 
come along with new ideas and disprove your theory. Such as 


van Helmont's and other ones we've looked at today have been 
added to and proved or disproved through advances in science. 


The meaning Debbie's view of school biology has for biological 
knowledge is that her perception involves accepting knowledge claims 
on the basis of the amount of evidence that is available to support 
them. To her, "the actual knowledge is there, it is just waiting to 
be discovered or described." Consequently biologists attempt to 
determine relationships that exist among pieces of knowledge that are 
known with the greatest certainty and through this process obtain an 
understanding, or image, of nature. If subsequent experimentation 
demonstrates that one area of biological knowledge is incorrect that 
area of the image is removed and either replaced or left blank. It 
appears her understanding of biology is a mosaic with certain parts in 


focus, other parts out of focus and additional parts missing. 


Some implications of this image are, biological knowledge may one 
day be almost complete. This has meaning because certain facts of 
knowledge are accepted as true and they will not change. This is not 
saying that mankind will ever gain a total picture or understanding of 
biology; it is just saying that some observations have been made so 


many times that we can accept them as being true. 
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2. NORM 

According to Norm's conception, the study of biology is 
accomplished by using the scientific method. A biologist begins the 
process by collecting available data, forming a hypothesis and 
conducting a series of controlled experiments to test the hypothesis. 
If the results of the experiments verify the original statement it is 
considered proven. The view that proven statements make up biological 


knowledge is illustrated in the following extract. 


Bs Alright. Now, when a biologist sits down to do an experiment 
how does he go about doing it? 


Norm: Well he starts off with a hypothesis. Tries to get some 
facts, by experiments. Biology um, well it deals primarily 
with experiments, eh? The facts that 

B: Um, huh. 

Norm: you do ... You have to find facts. They really aren't 
presented to you. For us, we have a book with the facts. 
Scientists dealing with biology and botanists, for instance, 


dealing with a new area in plants, he wouldn't have any. He 
would have to find his own facts. So by experimentation. 


From the discussion with Norm it is evident that he sees the 
scientific method as a series of steps which verify hypotheses. Once 
a hypothesis is verified the information is considered part of 
knowledge. A similar pattern is used to verify theories and laws. An 
important aspect of hypotheses, theories and laws is that they are 
sequentially developed and they progressively yield more reliable 
knowledge. The comment "for us, we have a book with facts" indicates 
that the scientific method is a source of reliable knowledge and once 
it is verified it is recorded as fact. The purpose of recording such 


facts is to maintain a knowledge base so that subsequent work in 
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biology has a foundation. 


Norm's view of biological knowledge being made of stable facts is 


shown in the following excerpt. 


Norm: 


Alright, so what is a biological fact? We'll start... Can 
you give me an example of one? Of a biological fact? 


O.K. I'll use plants again. Gases moving in and out of the 
plant by way of the stomata. And they're controlled by guard 
cells. And that's a fact. 


So that would be a fact. Now why is that considered a 
biological fact? 


Because it's been proven by experiment. By visual 
experiment. And they've seen stomata open and close. 


The phrasing of the statement "and that's a fact" as well as the 


emphatic tone of voice indicates that Norm unquestionably accepts, as 


true, the explanation of how gases move in and out a leaf. The 


acceptance of such facts, as knowledge, is based on inductive logic 
being seen as a valid way of deriving knowledge claims. Norm uses 
induction as the basis for believing stomata control the movement of 
gases in plants. It seems the premises of his argument are based on 
personal observation as well as the teacher's verbal description of 
the movement of gases through the stomata. Once he is provided with 
this information he inductively concludes the expansion and 
contraction of guard cells control the movement of gases. The 


conclusion is interpreted as factual knowledge. Within this thought 


pattern are at least four implications. The first implication is that 
induction results in valid knowledge claims. A second implication is 


that personal observation is considered a reliable method of obtaining 
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data. A third implication is that sensory experience is more reliable 
than thought. A fourth implication is that the combination of 
personal observation, the scientific method and induction result in 
certain knowledge. It is suggested that these factors influence 


Norm's view of biological knowledge. 


To Norm biological knowledge is seen in an objective manner. He 
accepts a direct relationship between what exists in nature and 
empirically verified statements. If the statements are verified 
repeatedly they are considered reliable and they are viewed as 
knowledge. Facts that have been verified over a long period are not 
expected to change. In Norm's words "facts that can be observed by 
experiment are most likely not to change." For example, the 
observation that a chlorophyll molecule has a magnesium atom as the 
central structure and that atom determines the arrangement of the 
other atoms, will not change in the future. This stable knowledge 
forms a foundation on which future biological knowledge is built. 
Associated with the image of objective knowledge is the impression 
that biologist discover, or come across, knowledge rather than 
creating it. Knowledge is not something that is agreed upon by 
biologists. They work through the scientific method and whatever is 


discovered is reported as knowledge. 
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message that a discussion with Pat revealed immediately is 


this exchage: 


Now can you tell me how biologists go about performing 

an experiment? 

How they go about it? First of all they have to have a 
problem and ah, I guess knowing the experience they have to 
the problem, they look at procedures, perform the experiment 
and look at the conclusions. 


So, how do they come across this problem? How do they get a 
problem? 


Some unanswered question. Some unknown. 


And, you don't know... For example, if you were going to 
generate a problem how would you go about doing it? 


Generate a problem? I'd probably look for something that 
wasn't proven. Just go from there. See what things I could 
use in the experimental process and that kind of stuff. 


And do you, do you have to go through a certain series of 
steps? And ah 


Just like we're doing today. You go 
through a series of things and then come up with your 
conclusions and observations. 


Alright, and what happens? You say you go through a series 
of steps. Can you skip any of those steps? 


No. 

What will happen if you do? 

You results wouldn't be correct. 
Why not? 


That's why, they wouldn't be appropriate. They wouldn't be 
accurate to what your trying to find out, eh? If the step 


was important it wouldn't be in there in the first place. So 


it must be done in a certain order and it has to be done to 
get the proper conclusions. The conclusions that you're 
looking for. 


So that if you and I were doing the same experiment, 
alright?, and you decide that, um, you're going to miss a 
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step and I decide to include that step 

Pat: & results would 
be different. 

Bs You're ... Automatically change the results? 

Pat: I think so. 

B: You would think so? Now, maybe I'm confusing something here. 


Are you talking about the actual procedure that you're going 
through the experiment 


Pat: Uh, huh. 

B: Or are you talking about that nice neat series of steps that 
have become known as the scientific method? 

Pat: Scientific method. 

B So that, can you just review those for me? What are the 
steps in the scientific method? 

Pat: Problem, hypotheses, ah procedure, observations and 
conclusion. 


From this discussion it can be seen that Pat's view of school 
biology is firmly based on a structured system that relies on 
experimentation as a verification method. The process that is 
involved in experimental verification is the Baconian image of science 
that is known as the scientific method. To her, studies in biology 
begin with the biologist accumulating as much information as necessary 
to conduct the appropriate controlled experiments. The accumulated 
information is used to formulate an hypothesis and once it has been 
developed the scientific method is used to arrive at conclusions which 
either agree or disagree with it. Pat's image of biology is that it 
is extremely logical with the exception of hypothesis formation. 


Consider a message that is included in this short exchange: 


Bs O.K. Now, if I were to make this statement to you, 
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biologists partially make decisions concerning their research 
on the basis of irrational, unexplainable feelings, what 
would your reaction to that statement be? 

Pat: That's irrational. You can't say irrational, you have to 
have something to base it on. I suppose that's the 
hypothesis before beginning the experiment. They don't have 


anything to base it on. It's just what they've decided and 
they have to proceed to find out if they're right. 


A message that is included is: biology is based on logic and this 
is why experimental conclusions are true. It appears that Pat sees 
the scientific method as being logical and thus any experimental 
results must be considered correct. This conclusion is based on the 
phrase "they have to proceed to find out if they're right". The 
wording of the phrase indicates that the scientific method is so 
precise that biologists know for certain whether experimental results 
are correct or incorrect. The implied argument is, if the results are 
correct any conclusions must be considered certain knowledge because 
the logical process within the scientific method would not indicate 
that the results were correct when in fact they were incorrect. There 
is a feeling in Pat's comment that she has accepted a formal logic in 
the scientific method without being aware of it and then she has 
unknowingly translated this faith in a process to where any resulting 


conclusions are accepted as certain knowledge. 


Generally her image of biology tends to indicate that if a 
biologist follows the scientific method and the conclusions support 
the hypotheses, various facts become known with certainty and they 
become part of biological knowledge. This image means that 
individual's senses are the source of observations and when questions 


arise the scientific method provides a way of answering them. The 
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results that make up the answers are considered true and thus 
biological knowledge is discovered by controlled experiments. Along 
with the answering of questions comes the accumulation of knowledge as 
evidenced by the amount of information we have today compared to early 


biologists. 


An implication of such knowledge accumulation is that biologists 
are gradually getting closer and closer to an accurate understanding 
of nature. Since nature is so complex it may be impossible to say 
that biologists will ever know the complete truth but biology is 
headed in that direction. An observation that supports this 
contention is Pat's belief that our present biological knowledge 


accurately reflects nature and it is not a creation of the human mind. 
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4, SUSAN 

The essence of Susan's conception of school biology appears to be 
an experimental method which begins with an open-minded search through 
literature that is associated with the problem being studied. Such an 
open-minded search is a key element of the method because it provides 
a framework for the approach to the problem, the method used, the 
observations that are to be attended to, as well as suggestions for 
interpreting the results. Once the biologist accumulates sufficient 
information to act as a framework for the problem he develops a 
hypothesis aimed at explaining the phenomenon in question. A series 
of controlled experiments, suggested by the hypothesis, are performed 
and if the results verify the hypothesis it becomes a scientific 
explanation. The results are considered as discrete facts, or pieces 
of knowledge, because they have been observed repeatedly. These non- 
changing, experimental facts are incorporated in an explanation when a 
biologist makes a generalizaton about the relationships that exist 
among the facts. Once an explanation is stated, it, and the facts 
that contribute to it, becomes part of a permanent body of biological 
knowledge. The preceding series of steps comprises Susan's conception 
of biological methodology. Her conception becomes evident throughout 
the discussion but when she is asked how biological experiments are 
performed she reveals her view of the scientific method. This point 


is shown in the following excerpt. 


B: .. When you do a biological experiment, what's the first 
thing you would do? 


Susan: You might technically write up, read up and see what we're 
supposed to do and then I go get the things that are needed 


for it, 
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Susan: 


O.K., now why would you go ahead and read before doing the 
experiment? 


So I would know what I'm supposed to be doing and looking 
for. 


And how will that help you do that? 


So if I don't know exactly what I'm supposed to do beforehand 
then I won't know what procedure to follow. I might do it 
wrong, or I won't know what's exactly involved in what I want 
to know. 


Um, huh. Now, when you do that, when you go and read and you 
get this background information. What does that background 
information do for you when you are doing the experiment? 


It adds extra knowledge I guess into what I'm looking, what 
results I should be looking for and what the results mean. 
Like, it's kind of interesting to know, what it's proving to 
me. What I'm finding out from it. 


According to Susan's conception of biology the experimental 


method provides both a framework for perfoming experiments and 


indications of appropriate results. The phrase "what it's proving" 


shows she extends the meaning attached to the method so that it 


provides direction in interpreting results. 


The foregoing description of the experimental method is for a 


single experiment. Susan enlarges this method to include subsequent 


stages in the scientific process. When experimental results do not 


support the original hypothesis the biologist returns to the 


hypothesis stage and works through a series of experiments until the 


original observations, hypothesis and experimental results are in 


agreement. Assuming agreement among the three aspects of an 


experiment are achieved and an explanation is produced, a variety of 


related hypotheses are tested before the biologist moves to the next 


stage of theory formation. 
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Gradually, related hypotheses are tested and a number of 
Phenomena are explained. With this accumulation of knowledge a theory 
is proposed which explains relationships that exist among the 
phenomena. Once again, controlled experiments are used to test the 
theory and if the results verify the theory, a law is stated which 
becomes a permanent part of biological knowledge. With the 
establishment of a law, biologists are said to understand a certain 


part of nature because they are able to predict future events. 


According to Susan, knowledge consists of facts that are 
discovered by following the experimental procedure. The following 


excerpt illustrates her conception of knowledge. 


Bs Um, huh. Now you've used the word "knowledge." What does the 
word "knowledge" mean to you? 


Susan: Um, I guess it's just extra information that I know, that I 
can use. 


Be Can you give me an example of a piece of knowledge? 


Susan: A piece of knowledge is um, knowing the different blood types 
is knowledge. 


Knowledge is treated as if it is made of concrete objects called 
facts. Such facts exist independently of man and they are considered 


stable. These characteristics are revealed by comments such as: 


Susan: It [knowledge of blood types] was there but it wasn't real 
knowledge because people didn't know about it. It was a fact 
but it wasn't a known fact. 


B So you can have facts that are unknown? 
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Susan: Um, huh. 

Bs Do facts ever change? 

Susan:  Um,... 

B: For example, will the blood type O ever be discovered that it 
is incorrect? And say in a thousand years we come back and 
we no longer have blood type 0? 

Susan: I don't think that facts... But in that case it might 


because all the cells of that blood type die out. But I 
don't think facts really change. ... 


From these comments it can be seen that Susan conceives of facts 
existing in nature and when discovered by the scientific method they 


are considered part of biological knowledge. 


There are several important points involved in Susan's picture of 
biology. The whole experimental procedure is based on the assumption 
that the method is correct and any anomalous results are due to human 
error. In other words, if the results of an experiment do not agree 
with original observations it is assumed the biologist did not follow 
the experimental procedure correctly. The possibility that the method 


is incorrect is not considered. 


By putting absolute faith in the method, biological knowledge is 
seen as consisting of discrete, non-changing facts that gradually 
accumulate. One result of this accumulation is that present 
biologists are seen as having more knowledge than biologists in the 
past. To accumulate knowledge it is essential that biologists are 
objective, lacking in emotion and coldly logical as far as experiments 


are concerned. She states these professional characteristics are 


Sa 


3k Jedd berevooald ott seve 0. 
pra dosed sma hee ‘nia nits 


ae ni Soe) eee 
i ood «ode OS Seas i eat a a 
ee wana call ) 

etoile Be evens tn me 2 stm mt 
vod beste aicuinaion ort wi Bomenemlh my Gn oxstee mg mcd 

“ethan nels ig Sombie 

\ al 

to suiunotg etnias mk Gow fovnt: ante tong Isxeves oe Stet 
noitqoweat sdf mb baited # aot feinombreqns sfodw edt -p0. a 
nsewtl 03 oub Sih & ivega eudlanel ‘we Ons soaqon ak Bodiam ot dt 


ag pa aft eb10w edo aT son 4 


; ii qa 


aaitps Jon ob sibs biog lee . 
volts Joa bb tetpototd tien a 3 sn tsevasado Inatgtse daty | 
bese kd seat) vi sidaidliaaasi ewheoeg sdromireqne et a 
hh Oy oe = es “bersibienon: & _ niente - 


ak spheLwora, relies 
 eltsubsap nt esoed 
ea: Sst) ai 


ads ot cites saioad poison AD 7 
4 a -)) 
eet yaver0eib Yo caper ne ms eR 


o7é ateipolotd. sa - en Baik teced dadantin ¢ of pan 
| SRIOML SRS cs se a5 sanity we 6D a | | . 
915 ioidetuademtedd Langtemetony peris eoteta ene. berrieonco aus 


352 


necessary to avoid biasing experimental results. To her, biologists 
deal in things that can be observed and measured not with emotional 
experiences or vague ideas. A biologist works very carefully, 
gradually discovering one fact after another until a certain 
phenomenon is explained. Once the phenomenon is explained it fits 


into a larger category that helps explain other aspects of nature. 


Such an image of biology means that the experimental method is 
independent of the biologist. Knowledge that is discovered through 
this method is more reliable and has greater explanatory power than 
knowledge gained from an analysis where opinion is involved. For 
example, Susan considers knowledge gained from an analysis of a 
biological experiment more reliable than knowledge gained from an 


historical analysis. 
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5. LYNDA 

Lynda's image of biology is closely related to the classical 
method that is known as the Baconian ideal conception of science 
(Watkins, 1978, p. 23). Her image closely parallels the four 
characteristics of ideal science: (1) deep truths yield ultimate 
explanations, (2) facts are known to be true, (3) truths are to be 
exact, not vague, and (4) connections between statements are to be 


strictly logical or deductive. 


The following comments show Lynda's conception of knowledge and 


how it is related to truth. 


Lynda: Ya. I think knowledge and truth are sort of together in that 
way. Seeking for knowledge is looking for the truth of why 
things are what they are and how they came about to be that 
way. And that in turn will, um, show to the future of what's 
going to happen in the future by how things change. 


When Lynda was asked if facts change she indicated they did not. 
In her words, "I think facts are what is, so I don't think they can 
change. Because a fact is what is." Not only does this comment 
indicate that facts are stable but it also shows that they are thought 
of in objective terms and they exist outside knowledge. It seems 
facts describe an element of nature and biologists discover these 
truth statements through the scientific method. To Lynda, statements 
that have been verified by the scientific method are considered 
ultimate explanations and they achieve the characteristic of depth by 
revealing details of various relationships. These points agree 


closely with the first three characteristics of the ideal conception 


of science. Lynda views the use ot logic somewhat difrerently than 
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what is suggested by Watkins. Her view of the use of induction and 

deduction is indicated in the following comments. 

B: O.K., now my question is, um, do biologists work by induction 
mainly when the're doing experiments and trying to discover 
these facts and truths about the world? 

Lynda: Um, huh. 

B3 Or do they work by deduction mainly? 

Lynda: Both. 

Bs You say both. Why? 

Lynda: Well it can go either way. If some... If they come across 
something that they don't understand, something very 
specific, then they can analyze that. And then from that, um 
find a law that applies not only to that specific example 
that they found but also to other um, questions that they 
might have had. And that, but also they could have um, 
something that they don't understand maybe in a more general 
sense and then they go to examples to find the answer to 
that. Instead of looking at something specific and then 


realizing that it is related to other, ah, um, instances or 
whatever. 


On the basis of her comments it appears that she includes both 
forms of logic in her notion of biological methodology. In general 
the transcript shows that she considers Bacon's experimental method as 
a way of obtaining true facts which make up biological knowledge. 
These facts are known to be true because of personal observation. An 
important element in establishing the certainty of these facts is that 
the hypotheses, from which the facts were derived, were tested by 
carefully controlled experiments. If the tests were sufficiently 
rigorous the facts are considered to be certain or true. Once facts 
are obtained they are used in providing explanations of natural 
phenomena. According to Lynda both induction and deduction are used 


to develop explanations of relationships among biological facts. 
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Lynda's image of biology is that of an ideal science. She 
indicates that the scientific method yields factual statements which, 
once verified, are known to be true and as a consequence connections 
between these statements provide ultimate explanations. Lynda 
separates the facts of biology and biological knowledge. To her facts 
are verifed statements but biological knowledge consists of beliefs 
about those statements. Since she considers facts as being certain it 
also seems reasonable that she considers knowledge certain. But this 
is not the case because she has introduced an element of doubt to her 
conception of knowledge. Doubt enters the image because of an 
unexplainable feeling that knowledge cannot be certain. A rationale 
for holding what appears to be an incongruous position was not 


provided. 


The image of knowledge that is implied by Lynda's conception of 
school biology is based on factual statements verified by the 
scientific process. A view of this type implies that knowledge is 
known with degrees of certainty. For example, theoretical statements 
that have been verified are known with less certainty than an 
observation that has been observed and experimentally proven many 
times. According to Lynda, knowledge can be proven by the 
experimental method as well as the "test of time." When asked what 
she meant by the "test of time" she stated that if an observation has 
been made many times this is sufficient reason to believe that the 
observation will be made in the future and it will not change. In 


addition the "test of time" is reason to accept the phenomena as being 
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true. To her the experimental method is the more reliable way of 


establishing knowledge. 


In summary, the dominant image of school biology for Lynda is one 
that includes a systematic method beginning with an open-mind that 
attempts to gather data that is related to the problem. Next, a 
series of controlled experiments are performed and the results are 
considered biological knowledge. The purpose of this process is to 
produce explanations which allow biologists to make accurate 
predictions about natural events. In terms of biology her image of 
knowledge consists of true, factual statements that are discovered by 
science. These stable facts are accurate reflections of items and 


processes that exist in nature. 
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6. ‘TONY 

The scientific method as proposed by Bacon forms the basis of 
Tony's conception of biology. Tony believes that biologists begin a 
study by accumulating relevant data from all sources and on the basis 
of this data develop a hypothesis. Following that, controlled 
experiments are conducted to test the hypothesis and if the results 
verify it, the original statement is considered part of scientific 
knowledge. By repeatedly verifying the original observation a theory 
can be formulated and if it is verified it then acquires the status of 
a scientific law. Once again key experiments are needed to test the 
law and upon verification the law becomes part of biological knowledge 


that is known with certainty. 


For Tony the scientific method as outlined is a process that 
provides confirmation of the biologist's personal observations. This 
belief involves two important assumptions. The first assumption is a 
direct relation exists between the biologist's sensory experiences and 
the natural phenomenon being observed. The second assumption is 
sensory experiences provide reliable data. It seems Tony is not aware 
that he is making these two assumptions and that his conception of the 
scientific method depends on them. There is a realization that biased 
observations are a possibility but Tony demonstrates an implicit faith 
in biologists and the method they use. He assumes that the scientific 
method provides objective results and thus any knowledge that is 
discovered is also objective and reliable. This belief is 


demonstrated in this discussion: 


Tony : Ya, I think he [a biologist] has a preconceived idea of 
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what's going to happen. And I don't know if that's... I 
don't know if that's going to affect the results that much. 


Bs So, O.K. go ahead. Now you talked about objectivity, and ah, 


the opposite of that is subjectivity. Now, if you have 
indicated that biologists are subjective, that it can 
influence the data, therefore influence the results, 
influence the conclusions et cetera. What does that do to 
biological knowledge? What we call biological knowledge? 


Tony : It would hold back the progress made in that field. But I 
don't think it happens in reality to a great degree because 
you have so many scientists working on this project that 
they'd overlook something. 

B: And you think they are very objective. That they don't ... 


Tony : Collectively they would be I think. Because, say one guy 


doing it and he might not be as objective as say you had ten, 


ten people working on the same thing. As they'd all see it 
and they all wouldn't write it off. 


The unquestioned assumptions provide the basis for Tony's faith 
in biologists and the scientific method. This faith is extended to 
where the experimental results and conclusions are perceived as 
certain knowledge. The statement "it would hold back the progress 
made in that field" demonstrates that objective knowledge is 
interpreted as being certain, reliable and it provides a foundation 
for knowledge from future experiments. Contained within this 
statement are the implications that subjective knowledge is not 
certain, it is not reliable and thus future knowledge should not be 
based on it. These implications indicate that knowledge gained 
through the scientific method is considered more reliable than 
knowledge gained through intuition, religious belief or 


interpretations of historical events. 


The central feature of reliable knowledge appears to be whether 


events can be observed and measured by experimental means. 
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Theoretical concerns are rejected because they introduce elements of 


subjectivity to knowledge thus making it unreliable. Scientific 


knowledge is true only as long as it agrees with personally observable 


fact. Such observation may be indirect because of the necessity of 
complex equipment but it is accepted providing a scientifically 


logical explanation is available. 


Tony's view of biological knowledge is that the scientific method 
allows biologists to uncover facts that exist in nature. These facts 
are true and unchanging and providing biologists have been 
sufficiently clever in designing controlled experiments our 
understanding reflects perfectly what is in nature. If there is an 
error or discrepancy between nature and what we call biological 
knowledge it is because controlled experiments have not been developed 
to reveal the differences. On this basis biological knowledge is seen 


as an object that man studies but he has not created it. 
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de JIM 
Jim's view of school biology is based on the Baconian image of 


science. This is demonstrated when he was asked: 


Bs ee How do you think biologists go about performing an 
experiment? 
Jim: O.K. First they... They first have to come up witha 


problem. First they take the problem and they analyze it and 
try to plan out the best way to go about to solve the 
problem. So they analyze the question first. And after 
they've analyzed it and come up with the problem and how 
they're going to go about solving it, they propose a 
hypothesis which will try to project how the end result will 
come about. And they may not be right or wrong. It's just 
an idea of how it may come about. And then they go about the 
experiment in a very critical manner to make sure that 
everything they do is correct. And if they're not sure of 
the results they do an experiment three to four or five 
hundred times so they are confirmed that their results of the 
first time or the fifth, or the tenth time are exact. 


This excerpt illustrates Jim's conception of school biology is closely 
associated with the Baconian image. In Jim's view it is apparent that 
a biologist follows the steps of the scientific method from open data 
collection to verified statements. Once a series of controlled 
experiments have been performed and the results are verified the 


information is considered biological knowledge. 


The language in this excerpt indicates that a primary concern of 
the scientific method is to solve problems so that a correct answer is 
obtained. This is demonstrated by phrases such as, "try to plan out 
the best way to go about to solve the problem" and "they propose a 
hypothesis which will try to project how the end result will come 
about." The phrasing indicates that biology is seen as a system in 


which a method is applied to obtain practical answers. This view of 
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biology is further reinforced when Jim states: 


Jim: Science is just knowledge. Knowledge and it's applied, how 
it's applied. Like Newton, he applied his knowledge and 
worked at it so that he came up with certain laws. That's 
through experimentation and using these laws we're able to 
learn more knowledge. 


His pragmatic view of biology influences how biological knowledge is 
perceived. This is shown when he was asked to give examples of what 


he considered knowledge: 


Jim: Alright. Well from class I know what carbohydrates were, 
what proteins were and how they're used in your body. Like 
the human body. 

Bs Um, huh. 


Jim: © That to me is very important because I'd like to know what's 
happening inside myself. 


The response to the question shows that facts are termed 
knowledge. An important aspect of such knowledge is that it is 
immediately useful. In Jim's words "facts are not useful unless they 
can be applied to help solve or give new insight to old or rigid 
fields. The combination of facts being interpreted as knowledge and 
the implication that information has to have immediate utility 
indicates that biology is viewed in a technical way. By attributing 
technical characteristics to biology it is being perceived in a 
particular way. A technical view ignores sociological, philosophical 
and psychological aspects which influence the development of the 
science and any knowledge associated with it. For example, the 


elements of creativity and curiosity are neglected in a technical view 
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because the emphasis shifts to solving problems. According to Jim "a 
technical view, on its own, does lead one to ignore elements such as 
creativity and curiosity" but ignoring a technical viewpoint is just 
as serious. He states a technical view is necessary to obtain as 
complete a picture as possible and when it is ignored "bias by 
omission" occurs. Apparently Jim is aware of human elements in 
biology but they are down-played and his conception is best described 


as technological. 


Once the focus of biology has shifted to solving problems there 
is a corresponding shift in what is termed knowledge, an acceptable 
methodology, and the purpose of biology. It appears Jim considers the 
purpose of biology to be gaining as much factual information as 
possible so that a solution is found for practical problems. The 
purpose then dictates that a methodical approach be applied to 
controlled experiments thus efficiently producing answers. 
Consequently knowledge is seen as factual statements that are verified 
by experimentation. The source, or initiating point of such knowledge 
is a problem that is affecting society. It is the researcher's 
opinion that part of the faith that Jim is displaying in the 
scientific method is due to the misrepresentation of the history of 
biology. Biological history is frequently reported as a sequence of 
unqualified successes in which one brilliant scientist after another 
established answers to significant problems. One aspect that is 
ignored in this imagined unbroken chain of advances is the vast body 
of material that was accepted as scientific in its day but no longer 


is it regarded as such. There is a lack of appreciation of 
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unsuccessful experimentation and theorizin9 @bout questions that were 
judged significant at the time. It is the researcher's contention that 
Jim is not aware of experimental and theoretical failures thus he 
associates biology with an ability to solve any problem, providing 


sufficient time, effort and material are available. 


A technical view also prevents biological knowledge as being seen 
as something that evolves by critical selection. A technical view 
gives a sense that the problem and methodology are logically 
structured so that resulting knowledge is consistently validated by 
the community of scientists. This image is opposite one where 
biologists report conjectures, unreproducible observations or 
erroneous results that are not validated by subsequent work. The 
imperfect image of biological methodologies argues for knowledge by 
consenus. This means that biologists retain what is accepted as 
knowledge when they are fully convinced it is validated. Thus with 
the imperfect view of knowledge formation, there is a selection 


process involved but with a technical view knowledge is predetermined. 
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INTERPRETATIONS OF STUDENTS EXHIBITING A 

MODIFIED POSITIVISTIC IMAGE OF BIOLOGY 
le LAWSON 

A dominate feature in Lawson's conception of school biology is 

the reliance upon controlled experiments to yield scientific 
statements about observations. Providing human error is avoided when 
experiments are performed the results are accurate reflections of 
nature and thus conclusions allow biologists to explain a process or 
relationship that exists in the natural world. The dependence of 
biology on controlled experiments became evident when Lawson was 


asked: 


Bs «. If you were a biologist how would you go about doing an 
experiment? What would you do? 


Lawson: Well you have to analyze what you are doing and then just 
take the first logical step. 


Upon further questioning "the first logical step" consisted of 
gathering as much background information as possible. Such 
information comes from observations, past experience or reading 
accounts of previously performed experiments. The conception of 
biological methodology is consistent with the classical method that is 
termed "the scientific method." When asked where Lawson received the 


idea that biologists follow this method he replied: 


Lawson: Just going through school. Biology, O.K., in each biology 
grade, like last year we did Mendel and he was just lucky in 
his experiments that he picked peas with each factor was on 
one chromosome. So he was just lucky. And ah, each course 
we take there is always someone who is sort of special and 
Mendeleev in chemistry. 
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Within his conception of school biology is an indication that 
nature is not capricious and methods employed by biologists are 
subject to interpretation and inspiration. As a consequence 
conclusions are not necessarily true. When confronted with anomalous 
results of identical experiments Lawson's immediate reaction was to 
attribute the difference to human error and defend the inherent logic 
of controlled experimentation. In discussing this point with Lawson 
he stated that "individual abilities and interpretation are part of 
human error" thus he is suggesting anomalies are part of biology but 


he did not question the logic of empiricism. 


Another feature of his image of biology is that information is 
gained through the senses while performing experiments. In addition 
there is a belief that it is possible to be objective so that any 
inferences made, provide true explanations of nature. Despite the 
recognition that biologists are subjective about the design of an 
experiment or, the interpretation of results these factors are 
implicitly discounted as affecting conclusions. These points 
demonstrate an inherent faith that the scientific method yields facts 


which are considered knowledge. 


Associated with Lawson's conception of school biology is the 
belief that sensory experience is more reliable than thought in both 
initiating hypotheses and determining what are acceptable 
observations. By accepting the premise that sensory experiences yield 
reliable data a question arises as to the level on which such 


experiences must be observed to qualify for inclusion in biology. 
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There is a sense in the discussion that sensory experiences must be 
direct. If the experiences are reported by another individual they 
are still acceptable because they have been directly observed. An 
important point to make is the student separates direct and indirect 
personal knowledge. Direct observation yields knowledge, while 
reported observations require inferences to be made thus such 
knowledge is considered indirect. Further, indirect personal 
knowledge is seen as being less reliable because of the possibility of 
introducing errors when making the required inferences. This view 
implies direct personal knowledge provides the basis of biological 
knowledge. 


Early biologists are seen as individuals who used their 
elementary Knowledge to develop a simple hypothesis that could be 
tested by controlled experiments. Gradually information gained from 
these experiments provided future biologists with more knowledge that 
could be used in their investigations. Because modern biologists have 
a large amount of background knowledge they do not employ inspiration 
to the same degree as early biologists did. This is illustrated in 


this excerpt. 


Bs You say that [the use of inspiration] happened in the past. 
But, um you don't feel that a biologist today would use that 
kind of logic, if it can be termed logic? Now it may not 
follow the rules of formal logic as you would learn in|math, 


Lawson: Ah, ya 
I know. 

Bs Can you give me a reason why they would not use it? Can you 
think | of 

Lawson: I guess not. No. The fact that there's just so much 


more science now. Well sort of like more ways of going about 
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doing things and analyzing and ah, electron microscopes and 
all that. I just thought they're more positive about what 
they're doing. ... 


The preceding excerpt shows modern biological knowledge as a 
product of a method which relies on previous experimental information. 
Implied within these statements is the idea that knowledge is 
cumulative and it is the result of a logical process. In other words, 
biologists have sufficient information to produce more knowledge and 
thus they do not have to rely on inspiration if sufficient background 
information is available. If a modern biologist is performing 


experiments in an area that lacks background information he relies on 


inspiration just as the early biologists did. Besides modern knowledge 


being seen as logical, it is also interpreted as being certain. The 
statement, "I just thought they're more positive about what they're 
doing." indicates biology, as a method, yields information that is 


certain. 


It appears the belief in certain knowledge arises from the idea 
that controlled experimentation provides consistent results which give 
an accurate reflection of nature. There is a provision built into 
this conception of knowledge that accounts for anomalous results. 
Since irregularities are due to human error biologists obtain a 
representation of the natural world when they perform an experiment 
and thus conclusions explain processes or relationships that are 
perceived to exist in the natural world. This argument indicates an 


indirect correspondence between nature and our understanding of it. 


Expressed within the student's statements is the idea that direct 
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observational experience or experimental evidence is not necessarily 
more reliable than thought. In Lawson's words "observations and 
experiments can be just as easily manipulated as [thought] and 
therefore are no more reliable than thought." A comment of this 
nature indicates that Lawson believes the formation of biological 
knowledge depends on methods other than empiricism but he still gives 
the impression that it is the most reliable. On this basis controlled 
experiments provide one method of obtaining data which makes up 
scientific knowledge. Such knowledge consists of what is known by 
direct personal experience and to a lesser degree by indirect 
experience. It appears he is using "know" in the weak sense. In 
other words observations from direct experience become known if he 
believes the observation, he has good grounds [empirical] on which 
to base his belief and the belief is established to his satisfaction 
of being true. There is an unwitting switch of knowing scientific 
knowledge in the weak sense, to knowing it in the strong sense. 
Knowing it in the strong sense makes the knowledge certain. In this 
way scientific knowledge consists of what is known from personal 


observation. 


A claim that can be made about the student's conception of school 
biology is that he believes the world is knowable through a variety of 
ways but empiricism is the most reliable. This indicates he is 
interpreting the physical world to be outside peoples' minds and 
consequently independent of their minds. His view implies that direct 
personal observations are partially mediated by culture and thus such 


observations are accurate reflections of nature. 
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With the existence of a close relationship between observations 
and empirical experiments biological knowledge is seen as accumulating 
and the greater the number of times an observation is made, the more 
certain the knowledge becomes. This has meaning because Lawson gives 
the impression that the empirical method provides erue: factual 
information which is certain. Uncertainty is attributed to human 
error rather than questioning the manner in which empirical knowledge 


is gained. 
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Z2epecsUDY 

Judy interprets school biology from a practical viewpoint. To 
her biology is a method that allows mankind to develop explanations of 
natural phenomena so that it is possible to intervene in the natural 


world. Her viewpoint is illustrated in the following excerpt. 


B: What is the purpose of biology? 


Judy: I figure it's pretty well to discover more about what's 
around us and if something goes wrong you can fix it. 


A technical view of biology is presented by Judy. This is 
evident because the values of certainty, control, precision, 
predictability and efficiency are essential to her perception of 
biology. These values are associated with man being able to determine 
problems in nature and solving them. The elements of certainty, 
precision and predictability influence what is considered problem 
solving knowledge. In the original discussion Judy made a distinction 
between general and biological knowledge. To her, general knowledge 
is any information that is gained from experience. This broad 
conception includes mythological stories as well as specfic directions 
for the use of a piece of equipment. In other words, general 
knowledge is not necessarily practical. In the case of biological 
knowledge practicality is not necessarily essential but it does become 
important. According to her biological knowledge is "everything we 
know about biology" and when questioned further she states that it is 
"Facts about nature or ways to gain these facts." Although the 
criterion of usefullness is not mentioned in her conception of 


biological knowledge, it becomes evident that utility is an important 
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aspect of such knowledge. This point is displayed when she was asked, 


why is biology studied? 


B: O.K., SO I understand. For one thing you're telling me it 
is important to satisfy our curiosity, right? And another 
thing [is] to make the world a better place? For the 
betterment of the world? No? 


Judy : In so much, if we understand what's going on, if something 
goes wrong we can fix it. So 


Bs Ya. 

Judy : that if something in the body goes wrong we know enough about 
the body that we can do something about it. Rather than do 
what they were doing a couple hundred years ago and just 
bleed them or something. Now we know what's going wrong and 


why it goes wrong chemically and physically. We know what 
happens and so we can fix it. 


On the basis of these observations Judy's conception of biological 
knowledge involves the element of utility and thus an inference that 
can be made is knowledge is accepted according to this criterion. An 
implication of this inference is that information which is judged non- 
useful is still viewed as knowledge but it is considered of secondary 
importance. The introduction of a usefullness criterion shows Judy 
has incorporated a sense of value in her conception of biological 
knowledge. It appears that utility is most important but values such 
as control and efficiency also determine the status of knowledge. For 
instance, knowledge gained from an experiment would be considered of 
secondary importance if it did not allow a biologist to control a 


situation. 


As conceived, Judy's view of biology is a method that produces 


applicable and non-applicable knowledge. Included in her view are 


ora 


criteria that are used to evaluate knowledge. By including these 
features in her conception she is limiting originality in biology. 
Spontaneity and creativity are partially removed from the research 
process because the criterion of utility limits the questions that are 
studied. For example, a basic research question may not be studied 
because it lacks immediate applicablity. The creative aspect is 
further limited because a utilitarian goal is to solve practical 
problems as effectively as possible. Since such problems arise from 
practical situations, the goal of biology is in effect prespecified. 
Research directions are influenced because desired outcomes are part 
of prespecified goals. By prespecifying a goal a desired outcome is 
either implicitly or explicitly stated and thus particular features of 
the research process are determined. For instance, the research 
question, its direction, and the methodology are partially determined 
by stating a goal. By specifying the beginning and the end of the 
research process constraints are placed on the process and 
consequently creativity is limited. Seen in this way Judy's view of 
biology is interpreted to be a problem solving technique in which the 
biologist's function is to generate correct answers as efficiently as 


possible. 


A particular conception of biological knowledge is associated 
with Judy's view of biology being a problem solving technique. To 
her, biological knowledge is all the "proven facts and ways of gaining 
these facts." Once a factual statement is accepted the possibility 
exists to use it as a basis to answer other questions. In this way 
knowledge is seen as facts plus explanatory relationships that exist 


among the facts. Since facts and interrelationships are constantly 
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being discovered biological knowledge continually grows. The notion 
of growth means past knowledge serves as a basis for present knowledge 
and thus there is a sense of an accumulation of knowledge. Even 
though Judy argues for the growth of knowledge her idea is not 
extended to where biology results in ultimate truth. It appears her 
representation of knowledge involves an element of consensus. She 
states "knowledge is accepted by consensus but it is not formed by 
consensus." The statement is interpreted to mean that biological 
knowledge is discovered through the scientific method but before such 
a discovery is considered knowledge the scientific community must 
agree to accept the discovery as knowledge. Such a view means that 
the possibility of biological knowledge changing in the future is a 
certainty. In Judy's view what is considered knowledge today will not 


be considered knowledge in the future. 


Judy appears to view biology as a technical process that yields 
information which is accepted or rejected on a consensual basis. If 
the information is accepted it is then considered biological 
knowledge. Despite a technical view, and a constant referal to 
knowledge as "bits" and "pieces of information" she does not view it 
in an objective manner. In her conception there is a sense that man 
has created knowledge and this accounts for her sense of 
certainty that knowledge changes and there is no such thing as a 
biological truth. Judy views biology and biological methods as tools 


with which knowledge is created. 
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3. KATHY 

Kathy's notion of school biology is based on empiricism. There 
is an implicit faith on her part that conclusions based on the 
scientific method are true. An assumption is made on the basis of her 
faith in the method. The assumption is that if the conclusions are 
true then the statements are proven and consequently information 
contained within such statements is considered fact. Such facts are 


then considered biological knowledge. 


Although Kathy's view of biology is heavily dependent on an 
experimental approach, she has modifed the classical empiricist 
position by incorporating intuition and interpretation into the 
process. By introducing intuition into hypothesis formation, and 
interpretation into data analysis, Kathy has included an element of 
tentativeness in her conception of biology. The empirical position 
and the idea of tentativeness appear contradictory but Kathy has 
incorporated them into a single view by using empiricism as the 
foundation by which biological knowledge is first established and then 
introducing data from other ways of knowing to the system. The 
combination of empirically derived facts, plus data from intuition and 
personal interpretation can then be used to develop hypothetical 
positions that are tested by empirical means. The introduction of 
tentative knowledge seems to be in respose to a realization that 
factors other than controlled experimentation influence knowledge 
formation. Despite this awareness, she has placed her faith in 
empiricism and the type of knowledge this method generates. The 
following extract illustrates the degree of faith Kathy has in the 


method and its ability to yield knowledge which is accepted as proven 
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and therefore necessarily true. 


Be See when you think of it, what does that [the 
realization that biologists may not be objective] do to all 
of the scientific knowledge that we have? Where does it 
place 

Kathy: You, you kind of put doubt into it now. 

Bs And had you any doubt about what was scientifically valid 
before? 


Kathy: No, not usually. I usually take it for granted as being 
true. 


Not only does she have faith in the ability of the system to 
yield valid and reliable knowledge, but she also has faith that 
biologists perform experiments and interpret results without affecting 
the validity or reliability of the resulting knowledge. This explicit 


faith is demonstrated in the following sequence: 


B: Alright, now how do you know that [plants need carbon 
dioxide] is a fact? And two, how do you know it is a "true" 
fact? 


Kathy: You know because that's what they tell you. And you know 
because through research that's what the scientists have come 
up with and they've drawn their conclusions. 

Bs When you say they tell you, who are they? 


Kathy: They, people who you believe to have a higher form of 
education; to be more knowledgeable. 


Bs So you're basing this on, ah, in this case Mr. D [the 
classroom teacher]? 


Kathy: Yes. 
B: And also the people who have written the textbook? 


Kathy: Um, huh. 
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B: The people that actually did the experiment. In this case 
um, it was, I guess, Calvin you would have been referring to 
there. Is that right? Who supposedly discovered the steps 
that go into the dark reaction. 


Kathy: Um, huh. 


Since Kathy's conception of school biology is based on the 
empirical method she tends to conceive of biological knowledge as 
being statements which can be verified experimentally. It appears she 
is aware of other ways of knowing but she is hesitant to accord these 
forms the same status that empiricism receives. Therefore biological 
knowledge primarily consists of factual statements that are derived 
from observing nature and testing these observations by controlled 


experiments. 


A conception of biological knowledge of this form means 
individuals do not create knowledge, they discover it. Therefore 
facts and relationships exist in nature and biologists uncover these 
elements of knowledge. The exposure of the elements is accomplished 
by the use of controlled experiments. Such experiments are necessary 
beause they provide a check on the validity of the conclusions. 
Contained within this argument for the establishment of knowledge is 
the unknowing reliance on the inductive method. Since the 
implications of induction are unknown to Kathy, it is the researcher's 
opinion that this is the major reason why complete faith is placed in 


empirical results. 
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INTERPRETATIONS OF STUDENTS EXHIBITING A 
CONCEPTUAL CHANGE VIEW OF BIOLOGY 

1. JOEL 

The conception of school biology that is evident in Joel's 
comments involves an empirical approach that is modified to fit with 
realizations concerning knowledge and how it is formed. Joel views 
empiricism as a method that yields data about nature but the classical 
scientific method does not have to be rigidly followed to obtain 
information. This is evident when Joel indicates that it is possible 
to perform experiments without necessarily forming an a priori 


hypothesis. 


B: Alright, um, is it possible for you to perform an experiment 
without a hypothesis? Without forming a hypothesis prior to 
doing the experiment? 

Joel : Ah, ya I guess so. If you're not sure what you're looking 
for you can. I guess you can. Because if you're not 
expecting what's going to be the outcome of the experiment 


then you can. I guess you can. You could have formed a 
general hypothesis but nothing really specific. 


His point is extended to theories and other structuring elements 
that are a central part in other students" conceptions of empiricism. 
Joel's view contains a pragmatic element when a biologist is either 
doing original research or performing verification experiments such as 
those done in biology classrooms. In the case of original research 
the biologist may not have any idea as to what results are expected 
thus experiments are performed without a specific hypothesis. The 
purpose in this type of situation is to gain background information. 
In the case of verification experiments the results are so well known 


that a statement is made about what students are expected to observe 
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thus a hypothesis is not stated prior to the experiment. According to 
Joel "the hypothesis can be stated after the experiment." This style 


of thinking was expressed in the following discussion: 


B: Alright, for example that little lab that you did in class 
this morning, did you have a hypothesis prior to doing that? 


Joel : Well the teacher told us what to look for before. 
Experiments are sort of the same thing that he said what we 
were looking for was the colour separation 


Be And so... of the 
pigments? 


Joel : Ya. That's what we expected to happen. He said that before 
the experiment. 


Bs And so a hypothesis is a statement of what you expect to 
happen? 


Joel : That's, that's not really of... The hypothesis is just what 
you're setting out to prove or disprove, the question or 
statement. So he really didn't state a hypothesis. He just 
stated what to look for. 


Bs O.K., SO a Statement in that sense is different from a 
hypothesis? 
Joel: Ya. 


By viewing biological experimentation as a continuum, with 
original research being one extreme and verification experiments the 
other extreme, there is an implication that following the scientific 
method is inappropriate, appropriate or unnecessary. In the case of 
original research it is inappropriate because insufficient information 
is available. In the second case where an experiment has sufficient 
information but the results are not predictable a scienfific approach 
is appropriate. In the third case of verfication experiments the 


scientific method is unnecessary because the results are predictable. 
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This observation is interesting because Joel has incorporated a sense 
of practicality into his view of biology. Thus he is viewing the 
methods used in biology as being partly created by scientists and 


partly due to the science. 


With the implicit realization that biological methods are partly 
due to scientists' creativity this means knowledge derived from such 
research is also influenced by a human element. An indication of this 


perception is found in a comment made by Joel when he was asked: 


Bs eee ah, what does that [the changeability of what is termed 
fact] mean to scientific knowledge? 


Joel: All that it means is everything that's said isn't necessarily 


true, now. You can't prove it otherwise but it's , it's the 
best explanation we have in something. 


This excerpt demonstrates that he recognizes biological knowledge is 
accepted on faith and it is not a dogmatic assertion of a direct 
correspondence between natural phenomena and personal observation. 
When he says "you can't prove it otherwise" he means whatever is 
currently accepted as fact is accepted as knowledge because it cannot 
be disproven. Also within the phrase is a realization that a 
potential exists for changing what is accepted as knowledge. Since 
Joel incorporates tentativeness and acceptance by individuals into his 
conception of knowledge this means he views biological knowledge as 


being influenced by man. 


Joel's conception of school biology is largely that of an 


empirical approach that is modified by a variety of factors. It 
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appears one factor is recent teachings that present science as one way 


of knowing. The following extract illustrates this point. 


Joel: 


Joel: 


Is the information you have received over your twelve years 
of schooling in science classes, has it been presented in 
that way? That science is something that constantly changes? 
Even though we're calling it fact today it may not really be 
true? 


Ya, in chemistry we know that it is said the theory must be 
simple and it must be adaptable to change and a couple of 
other points. 

Which chemistry class was this? 


Chemistry 20/30. 


When questioned further, Joel indicated the teacher included 


specific material on the nature of science and different ways of 


knowing and it appears this material has influenced his view of the 


development of knowledge. 
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Ze PAUL 

Paul's conception of school biology appears to involve a 
conceptual change view. There is an indication that experimentation 
provides the basis for biological knowledge but such knowledge is 
subject to interpretation. The knowledge basis seems to be founded on 
the belief that experimentation provides a degree of evidence which is 
tangible and, therefore, more acceptable than other forms of evidence. 


This view is evident in comments such as this: 


Paul : I'd have to go through it [the basis on which a new theory 
is accepted, I think. Ya, I think I probably would. Ya, I 
think so. I would. I'm just trying to think in terms of 
somebody that has thought the same way for twenty years or 
something. Say an old scientist who has just come upon this 
new theory. Which happened a lot in the twentieth century, 
with Einstein's equation and stuff like that. And I think it 
would be very hard to change my pattern of thinking. But 
myself, I think myself, if it did explain part of the old 
theory and new parts as well, ya I would accept it. As long 
as it sounded reasonable. 


The sentence "as long as it sounded reasonable" demonstrates that 
factors other than experimental verification affect what is accepted 
as biological knowledge. In this case a non-rational factor of 
apparent reasonableness is used to help make the decision. Comments 
about "hunches" and "feelings" indicate an image of biology that 
incorporates subjective elements. Another indication that his view is 
a subjective one, is that he states experimentation introduces 
restrictions to what is considered knowledge. The implication is that 
the scientific method channels individual's thoughts and thus the 
method influences what is finally accepted as knowledge. The 
following exerpt illustrates the idea that subjective elements are 


involved in knowledge formation. 
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B; Do you think scientists operate on feelings very often? 

Paul : They might. I'd say hunches are a big part of feeling. 

Be Oh, yes. 

Paul : And I'm sure that scientists go on hunches a lot. Ya, I 
think they probably do. I think they're probably important. 
Maybe not, when you think of the P.R. view, that you get from 
the media, of a scientist they seem like such cut and dried 
people. And they sort of, their work is so methodical it 
wouldn't have room for feelings. But I think you'd have to 
have feelings. They'd have to be there for you to make 
hunches. To ah, state opinions especially and just to um, 
accepting a theory you'd have to go on your former education 


and how you felt about a certain theory before you accepted 
re. 


Contained within Paul's view of school biology is the image that 
biology is engaged in for practical and idealistic reasons. To him, 
the purpose of biology is to "gain practical knowledge, it is a very 
practical science." He does not make a distinct separation between 
curiosity and practicality in terms of basic and applied research. He 
states that biology answers practical questions and it also satisfies 
man's curosity about the natural world. When asked if he considered 
the practical aspects of biology as being more important than the 
idealistic ones he said that he could not make a decision as he sees 
merits in both positions. The knowledge basis for biology is still 
controlled experiments but the introduction of non-rationalness to the 
acceptance and rejection of knowledge indicates that Paul has 


incorporated an element of relativism in his conception of biology. 


The inclusion of subjective elements in Paul's conception of 
biology is evidence that he considers biological knowledge to be 


interpretable. An element of interpretation in biological knowledge 
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is contrary to material presented in science classes and textbooks. 
The following excerpt shows that in Paul's view material in science 


classrooms is often presented as dogma. 


B: Now, you said you were reading the Wu Li Masters and 
that's making you question whether there is absolute 
truth. And in the science classes that you have had, 
has the science been presented so that it was absolute 
truth? 

Paul: Um, a lot of it is. I find especially in chemistry, I 
don't know so much about biology. But in chemistry they 
seem to tell you something one year and they don't, in 
at least two of my classes, they didn't question it. 
But in the next year they seem to change the theory and 
go farther with it. 


The fact that a dogmatic stance is recognized in both classroom 
and textbook presentations shows a questioning attitude on Paul's 
part. It also introduces the possibility that biological 
knowledge is being viewed as subject to interpretation. The 
model of biology that is being projected is one that emphasizes 
consensual knowledge which is not necessarily true in every 
detail. The possibility exists that knowledge may contain large 
conceptual errors. This relativistic model is based on common 
sense, a realistic view of the world and how individuals function 
within it. ‘The common sense view is then extended to biologists 
and how they are perceived as functioning within a scientific 
perspective. The argument seems to involve the rationale that 
Man perceives a coherent world and biologists are expected 

to perceive the world in a similar fashion. Since non-scientists 
use a variety of methods to determine the acceptability of 


information, scientists are also expected to make use of similar 
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methods. For example, individuals use both logic and intuitive 
feelings to make decisions, thus it is expected biologists also 
do this. Paul appears to have combined a common sense approach 
to the world with a questioning attitude to arrive at his 


conception of biolgical knowledge. 


One of the characteristics of knowledge that would be consistent 


with this view is the idea that knowledge is influenced by factors 


other than experiments. For example, politics, economics and common 


sense are some factors that Paul identifies as conceivably influencing 


the direction of research and thus influencing knowledge formation. 


The awareness that cultural factors are involved means that knowledge 


is interpreted differently by different people. As a result of 
interpretation, certainty is removed from knowledge claims. By 
removing certainty, the idea of absolute truth becomes an 
impossibility and this raises questions about how biology is taught. 
Doubt is being consciously introduced to his notion of biological 
knowledge. Paul prefers to view doubt of this form as a questioning 
attitude or a form of skepticism. The inclusion of a questioning 
attitude allows him to be constructively critical of biology and 


biological knowledge. 
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3. ALLEN 

Allen incorporates a variety of elements into his notion of 
school biology. The image is one of empiricism that is modified by 
developments in the philosophy of science. The classical scientific 
method is central to Allen's image of biology. There is a sense that 
man's observations of nature are not totally reliable but controlled 
experiments allow reliable inferences to be made about the information 
gained. It is on the basis of inferences that facts become accepted 
as knowledge. To Allen the scientific process of moving from 
hypotheses, to theories, to laws reveals information which "gradually 


builds and gathers strength and becomes knowledge." 


The reliance on experimentation as a basis for Allen's view of 


biology is shown in this excerpt: 


Bz .-- Now can you tell me what a theory is to you? 

Allen: Atheory? It's a, let's see,... It's a statement, it's a 
statement that makes a prediction, an explanation of course, 
simple as well. 


Bs O.K. It has to be simple, it has to make predictions, it 
also has to explain. Anything else? 


Allen: It's derived from experimentation. Um, it has... It's not 


definite. Ah, there's always possibility for change. In 
other words, other theories can be derived from it as well. 


He limits the derivation of theories to the empirical method which 
indicates that his primary view of school biology is based on the 
"classical scientific method". Throughout the discussion, this basic 
element is evident but other influences from the philosophy of science 


are observed. For example, there is an implied faith that 


385 


40 motont aif on ataono8 % ‘3 Hm av 

yd Gaktibom ‘al eit eto Pages 20 no at sort oa 
okt inatoe tsotegele oil oonpioa te ‘Phaoe0 fig ons Pape 
tad oanee's @f ‘exec? pola apsmt walls ot isxaneo ¢ =. 
bel saan dd aldisites yhigaas: gon out xacten to" 
okie oro ody todd shoe $4.08 waoneaetat sidsiies volts a nts 

Sagecue| arcade e730 sted eoperet to akesd oni oat me ‘ 
ment phon to aes aOUG nitisnaboe edd neLth or —- 
VELSubs ap nod RobIper Wi plsower amet ot vealed, od | se za * te 

Meno cortond bos ctigaerte etait 


‘ 


cr. i al scam ‘i 


Soe oz ab che aaa om Lis oy a8 5 Wolk om vind “A 


rhe Sa ae $638 5 . 
: oe Ro, ‘aot ti 1S LK S 


il edl wad Sbiyind - MGR gaEeEPegico mor? er aniaiios no LIA : 
ag ) @AgTURA” y Oe! Bye Bae are ot Pr 
tiew as +1 moxd bay! ig pasty BBTIOSS worlvo vabtow a9tito — 


observational experiences are reliable and they form the basis of 
experiments. In addition there is a belief in the logic of induction 
and that hypotheses, theories and laws are confirmed by this form of 
reasoning. He attributes this belief to the way science is presented 
in classes. According to his perception of science classes "something 
was stated and it's assumed other cases apply." The use of induction 


is suggested in the following comments: 


B: Can you give me an example of a scientific fact? A 
biological fact? 


Allen: Um, any science? 

Bs: Yup, it doesn't matter. 

Allen: Um, cells have DNA. 

Bs Now, how is that scientific fact, that cells have DNA, 
different from the cell theory? Have you talked about the 
cell theory of Schleiden and Schwann? 


Allen: Where cells come from other cells and 


B: Yes. Yes. 
Allen: Ya. 
Bs O.K., how is, how is the fact that cells have DNA different 


from the cell theory? 
Allen: Um, knowing just that cells have DNA is just, is just a piece 
of knowledge rather than the cell theory. It allows us to 


develop the fact that cells have DNA. Um, it has more 
evidence for us to branch off into diverse areas. 


The statement "it allows us to develop the fact that cells have DNA" 
indicates that a process is involved in going from a theory to facts 
which are considered biological knowledge. The process includes 
controlled experimentation and inductive logic is used to 


arrive at conclusions which become knowledge. 
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The foregoing points are part of a logical empiricist's 


philosophical position but Allen cannot be considered part of this 


group as his conception of biology includes elements of the conceptual 


change view. An illustration of the conceptual change view is found 


in his view of how theories are developed and accepted by biologists. 


Ah, alright. So that we'll go back to our theories for a 
minute here. How do biologists accept a theory? On what 
basis do they accept a theory? 

Um, mass approval. 

Mass approval? 

Yes, among the scientific community I suppose. Not 
necessarily in the general population, within the scientific 
community. 

Alright. 


Um, if it seems to have some validity, I guess that's why it 
becomes accepted. If it has potential. 


When you say potential, what do you mean? 

Such as to ah, to predict others. 

O.K. potential to make predictions. Any other reasons you 
can think of why scientist would accept one theory and not 


another? 


Um, maybe they've proved it wrong. Maybe they've proved 
another theory to be more correct than another. 


O.K. and how would they go about doing that? 
Again through experiments. 
Again through experiments. If they do, um and end up showing 
that another theory, a conflicting theory, has got problems 
in a certain area, do you have to reject the whole theory? 
The theory that's got problems or do you 

It's just altered. It can be altered. 


You can alter a theory? 
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Allen: 


Allen: 


Such as a hypothesis can be altered to make for problems, 
more exceptions to the case or... 


That leads me to ask you about what are called ad hoc 
statements to theories. So, do you understand what it means? 
O.K., if we have a theory that runs into problems in a 
certain area, is it permissible for us to add certain 
statements into that theory in place of those that were there 
before that gave us the problems? ‘That would be called an ad 
hoc statement. It means you add them after the fact. So 
that you're adding statements after the fact. 


Is it permissible? 
Ya, can you do that and still maintain the theory? 


Well of course the original theory isn't, isn't in the same 
form. Um, someone had to create the original theory, so I 
suppose it's permissible for one if he's justified to change. 


So you feel that, that is something that is permissible. And 
ah, is it permissible to have a theory and it is not making 
the predictions we would like but we still maintain through 
the statements of the theory... Is it permissible to add 
auxiliary statements? In other words, some additional 
statements? 


Instead of replacing? 

Ya. 

Ya. 

Once again you can do that? Without creating your theory a 
problem? Will it be the same theory if you add auxiliary 
statements? 

Well I suppose there has to be a cut off point or the theory 


starts to encompass too broad a range. Um, I think it can be 
added to a point. 


Allen suggests that theories are developed through 


experimentation but it is acceptable to use both ad hoc and auxiliary 


statements to adjust a theory so it maintains its predictive power. 


He also identifies other characteristics of theories but argues the 


acceptance of a theory is based on apparent validity as judged by 


biologists. The inclusion of judging theories by mass approval 
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suggests Allen accepts a relativistic view of the development of 
biology. The sense of biology being relative is further enhanced by 
the manner in which hypotheses and theories are rejected. Once again 
it is a personal judgement of whether the hypothesis or theory has 
value. If certain aspects are judged as being in error then the 
theory is not necessarily rejected. Instead the elements of the 
theory, that are considered of value, are examined and it becomes a 


matter of personal judgement whether or not the theory is rejected. 


The conceptual change view elements of Allen's view of biology 
influence his perception of biological knowledge. Since empiricism is 
an important part of his view of biology, knowledge is seen as factual 
information that is verified by controlled experiments. As a result, 
knowledge is still seen in an objective manner but the introduction of 
relativism removes certainty from it. By indicating that hypotheses, 
theories and laws are accepted and rejected by concensus he recognizes 
a human influence in knowledge formation. In effect, this removes 
certainty from biological knowledge because future biologists may 
accept a totally different view of some aspect of nature and neither 
the current nor future view could be conclusively disproven. On this 
basis previous knowledge is not necessarily used as a foundation for 
current research. It is conceivable that a biologist performs 
experiments in a research program without knowing or using the 
knowledge of photosynthesis that was gained by early biologists. As 
befitting a relativistic view of knowledge Allen indicates under 
specific circumstances the preceding statement accurately reflects his 


views but in other cases it does not. He states a "foundation is 


necessary ror knowledge but this may be built on tallacies because 


te — eel ko wah olde he 
\e becuneditie rode a ovisnion 9 a 
A28DE ean bedootsy: os abkrowrkt & ageeit , 
and yuan 30 sitpittonnt wid fonts : te dronepbut - 
RRO 
a eS: etoohss: | | 
& aemoned +i bts Sanimans ons: voulow 20 tevepteney oun ads, ¥ if fs 
bactow pete ad woe als ors nD separ femexeq 30 des: at 
wea inial’ to wet Sioouts 4p toons wale gn sno ocr ae | 
ak ine alata go saphe Lora, eudgolo 4 ro | 
euro as noe ai sobre Lwonl ‘abhi eile nates zea ped: 
hier 5 @k sani Ostet Belainer ot sa nbseaotal 


77 kere 
to. noktoubortad: ada dud bieenabaiesia ek nese iitda ab “ais 
; i, — eu 
emit ne 2! e933 yonbsto—0 covomea a toler 
“See ee 


pewontos aii gent diel a 


10% eee a 22 an ies lenin: 
arouoaag spo ell 


eager oats ak ent 


is ‘ot st ~ ots wt watv obebviaator | & bad 
t ah notsebry noah r Yael 


‘yal 
r ? ; ve 


| ee a 


knowledge is uncertain." This comment is interpreted to mean a 
current research program results in inferences that are accepted as 
knowledge. The use of words such as "foundation" and "built" show he 
views knowledge as cumulative. In discussing this point, he agreed 
with the interpretation but he added a provision that the certainty of 
knowledge is lacking because the possibility exists that the original 
knowledge claims are fallacious. According to Allen's view both past 
knowledge and the present consensual view form a framework for the 


formation of knowledge from biological research. 


Allen interprets knowledge to be statements that are proven by 
the empirical method. To him proven is the equivalent of verification 
by the scientific method. His view of knowledge also includes 
relativistic elements because biology is seen as an area of research 
that is influenced by individuals and knowledge is what is accepted by 
the group. Despite his conception of a gradual accumulation of 
knowledge he still maintains that it is tentative and subject to 
change. The view of tentative knowledge also conflicts with his 


belief of the "existence of an absolute truth" in biology. 


390 


i» he ae 


to inteses onl 4 neteivony st +a we colina a 
: Mi. -. AA awty FR oe - 

fsrtp bro sity ‘isi’ atebne ro Lcdlemaory orld G at 
ee ES i 

gemcy tot. ali aaptenoe ona. -avotonsina 92s. eats 


a3) Qty eh 


ort | ses 


abt f na pre ze 


re ote eg ths onion 889} ell wasted oi 
ccikgnoietiasy ai ben wid, al an a Pastien ene: 


oo a 


eo 


ny heer aks wr Pen 
ome wy VI (ie 7 
ee 
aA) 
2: Gui Pa | 


: + wise 


irréte 1k .—~ 


re: 


University of Alberta Library 


UL 


0 1620 0399 7606 


£4 
Nope mn Hey 2 
u fag 


Fp sleigh 
foNirat 


oP Rs BEV At else 
BIO NA 


te 
SVN IERO. , 
Atenaieylates oath 


HOP a att 
Fg va) 


Bide Hirai ns 
tae 


